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Vaeation this Year! 

h 

Though our national emergency is shortening and even can- 
celling many vacations this year, we hope you'll be able to | 


slip away for a few days at least. While you’re gone, your 


department can rely on Ryerson for the best steel-service that 
present-day circumstances will permit. In times like these, 


we are naturally out of many sizes but we still have a fair 


stock and service continues without interruption. So make 
the best of your days off... Relax! Build yourself up for the 


hard winter months ahead. Ryerson will help hold the fort. 


Jos. T. Ryerson & Son, Inc. Chicago, Milwaukee, St. Louis, Cincinnati, Detroit, Cleveland, Buffalo, Boston, Philadelphia, Jers Clty 
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(low carbon) 


«P\EEP DRAWING STEEL” is an extremely 
broad subject, even after narrowing it to 
illustrations of a few of the practical aspects of 
the cold drawing of low carbon steels. This is 
not to belittle the importance of carbon steels 
for hot forming, or alloy steels for either hot or 
cold work, for their use is growing vear by year. 
Possibly, the first “drawing operations” on 
iron or steel were performed some thousands 
of years ago on iron similar in structure to mod- 
ern wrought iron, pounded into the form of a 
plate, a blade, a crude tool of some kind, or an 
object of warfare. We may consider a plate so 
formed very crude when compared to the beau- 
liful sheets and plates which are today being 
produced by our steel mills, but when we stop 
lo realize the developments which have taken 
place within the past century (and are still tak- 
ing place) along the lines of analysis control, 
metallurgical structure, and surface finishes, we 
can only imagine that a few more decades of 
progress may bring super steel and finishes to 
dwarf any developments within our time. 

In this present discussion we shall assume 
that the steel mills are furnishing only the best 
quality of steel known for the intended use, and 
that the manufacturer needs only to indicate 
his requirements and the steel will be produced 
accord ngly. 
in making a study of the deep drawing 
Problems arising in the cold working of steel 


hour own plant, I find it convenient to divide 
them into three general groups, as follows: 


D» . . . 
Progressive drawing such as spinning or 


hammering in which only a relatively small area 


DRAWING STE 


By Lorenz W. Heise 
A. O. Smith Corp. 
Milwaukee, Wis 


of the part is affected at any one time, but by con- 
tinued application of similar forces the ultimate 
desired section is obtained. 

2. Consummate drawing such as forming, 
folding, or molding in which a large area of the 
part is affected at one time. 

3. Centralized drawing such as cupping, 
extruding, or drifting in which a relatively small 
area of the part is affected in one quick operation. 

Most production parts will not be confined 
purely to any one type, but will consist of a com- 
bination of the types. However, the material 
requirements will obviously be governed to a 
great extent by the work which must be done on 
the most difficult portion of the piece. 

A few pictures have been prepared to illus- 
trate some of these drawing operations much 
more effectively than they can be described in 
words (pages 164 and 165). 

Figure 1 illustrates the progressive type of 
drawing. At the left is a spun part of light 
metal; the others are some hand-formed frame 
parts of heavier steel. 

Hand-formed parts are made (in A. O. 
Smith Corp.’s plant) chiefly for sample frames 
to be used by automobile makers for new 
models and test cars. They also serve a very 
practical purpose to us in our tool design, in 
determining the limits of radii and other details. 

Spinning is used to a very limited extent in 
our plant, and I believe this is generally true. 
It is applied chiefly to relatively simple circular 
parts where production requirements do not 
warrant the tool cost for drawn parts, or where 
the mouth is contracted so an inner forming 
tool would have to be collapsible to be with- 


drawn after use. 
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Saddle for Automobile Gas Tank, Upper 
Plate and Lower Plate for Central Arm, and a Spun Disk. 
The three at left are hand-formed of thicker metal than 
the disk, but all are examples of “progressive” drawing 


Fig. 1, above 


The consummate type of drawing is shown 
in Fig. 2, a photograph of the front and rear 
ends of an automotive side bar with ihe 
“kickup” (which is generally the most difficult 
part of this bar to draw). Much forming and 
some folding is done on this single piece. 

Figure 3 also illustrates the consummate 
type of drawing, which applies forming, fold- 
ing, and molding to make an automotive front 
cross bar. The depth of the draw is not well 
illustrated, but the general extent can be noted 
by comparison with the blank. 

Tie plate and spring seat shown in upper 
part of Fig. 4 are relatively simple draws, 
whereas the automotive rear cross bar shown 
in two different positions is most difficult 
(although it looks simple), due to the combina- 
tion of a deep draw and a sharp radius which 
must be maintained on the draw edges. 

Consummate drawing of heavier parts is 
next shown in Fig. 5: Hot water tank heads, for 
gas or electrically heated boilers, as well as 


Fig. 3, below — Blank and Front Cross Bar for 


Auto Frame Made Therefrom. A very deep draw 
and a good example of “consummate 


” 


drawing 


Fig. 4, above — The Cross Bar Shown Below 
Plate and Spring Seat Is Much More Di/ 
Make, With Its Deep Draw and Sharp Radius “¢®® 


Fig. 2, below —An Example of “Consummat¢ rawir 
Side Bar of an Automobile Frame. The “kick 5” gy 4 
the most difficult part involving much formin d son 


some frame parts. The latter are a truck helper 
bracket and an automotive front bar reinforce- 
ment. None of these parts are trouble makers, 

Figure 6 illustrates several applications of 
the third general type, or centralized forming. 
(It may be erroneously called “extrusion”.) The 
small bushing shown at upper left is made of 


14-in. stock, blanked out into an octagonal slug 
and then drawn (“extruded”) to a stubby bush- 
ing, 4, in. thick in the neck wall, for ultimate 
assembly to an automotive control arm which 
has in itself already been made by centralized 
forming. The clutch pedal arm is another 
example of similar work on heavy stock; the 
large tapered blank is first formed and punched 
as shown in the center, and then a further extru- 
sion is pushed up at the hole in the big end 

Extra attention to the drawing compounds 
is required on this type of work to avoid rejects 

Combination of consummate drawing and 
centralized drawing is shown in Fig. 7 illustrat- 
ing the automotive lower control arm assembly 
and parts. Manufacture of these parts requires 
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No Trouble Makers These. Hot water 
uck helper bracket and frame bar rein- 
il drawn from relatively heavy gage 


some real practical tool engineering, as the con- 
trol arm is formed from the blank in a single 
operation with an extrusion on each end. 

An assembly of an upper control arm, 
shown in Fig. 8, is very similar to the arm previ- 
ously shown in Fig. 7, but somewhat more 
intricate in shape. 

Now, what material is used in the produc- 
tion of parts as shown? It is no super-metal, 
rare and expensive. In fact, most low carbon 
steels for deep drawing purposes would conform 
to S.A.E. 1010 in chemical analysis. (Carbon 
0.05 to 0.15°, manganese 0.30 to 0.605, phos- 
phorus 0.045% max., and sulphur 0.055% max.) 
lt is quite possible to draw harder steels; in 


Automotive Lower Control Arm Parts and 
lifficult job, combining consummate and cen- 
g. Note the bushings thrown up at each end 
‘| done from the blank in a single operation 
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Fig. 6, above Bushings With Relatively Thin Walls Are 
Formed (“Extruded”) Starting With Flat Stock Having a 
Central Hole. These are examples of “centralized” forming 


fact, under certain circumstances where shape 
and tooling are favorable, carbons may run up 
to 0.25°° with manganese up to 0.60°C. 

Experience in the deep drawing field indi- 
cates that it is sometimes difficult to estimate 
the exact grade of steel for any specific part. 
Naturally, production shops are interested in 
keeping costs at a minimum, which means that 
operations must be combined or eliminated 
wherever possible. In addition to extra tool 
engineering, this means that more is expected 
from the steel in the revised set-up. 

When these changes and developments are 
made, the first step is to determine whether or 
not the customer would approve of a slight 
change in design to obtain larger radii or make 
some other change to favor a draw. After this 
consent has been given, close contact and coop- 
eration with the steel mills is essential to 
develop maximum production. Short produc- 
tion runs are very effective in questionable 
cases; a higher grade material may be ordered 

for initial runs with a close follow-up by 

production department, tool engineering, 
inspection, and steel mill’s representatives. 


Fig. 8, below Upper Control Arm Some- 
what More Intricate in Shape Than Fig. 7 
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Eventually a less costly steel may be found 
adaptable to the new operating schedule. 

Rolling mills inevitably leave the steel sheet 
and plate in a stressed condition. The method 
of cooling or subsequent heat treatment has a 
decided bearing on the ultimate drawing qual- 
ities of the material. 


Acceptable Microstructures 


One cannot by any means cover the struc- 
tural phases of deep drawing steels in a short 
article, but inasmuch as the structure has 
such a vital influence on the workability, I shall 
present three micrographs of the center portions 
or core of rimmed steel which we have found to 
be suitable for our work. All were taken at 100 
magnifications after a 2% nital etch. You will 
note that the grains are nicely equi-axed. Mate- 
rial showing elongated grains due to cold rolling 
can seldom do such work as illustrated on the 
preceding pages. 

The first micro (Fig. 9) shows as-rolled 
steel, possibly finished “on the cold side” 
(slightly above the critical temperature). This 
has a fine grain, A.S.T.M. No. 8 or 9, approxi- 
mately 196 per sq.in. at this magnification. Such 
a steel is suitable for any simple draw, but not 
for extrusion. 

Normalized steel (medium grain, A.S.T.M. 
No. 6 or 7, approximately 48 grains per sq.in.) 


is shown in Fig. 10. This structure is ideal for 


most deep-drawn parts, including extrusion of 
stock under 0.200 in. 

The last micro shows normalized or 
annealed steel. It has a coarse grain, A.S.T.M. 


No. 5, with approximately 18 grains per «jp. 
at this magnification. The steel was p: .ih|y 
finished on the hot side, above the critica. (ey. 
perature, or has been annealed. It is ide | fo, 
extruding stock, 0.200 to 0.400 in. thick. 

We, at the A. O. Smith Corp., do not specify 
grain size in ordering steel for deep drawing, 
but work very closely with steel company repre- 
sentatives so that they in turn can convey the 
requirements to the men in control of mil! pro- 
duction. 

Supposing now we have ordered materials 
to the best of our knowledge for the use intended 
and still encounter drawing difficulties, wherein 
lies the trouble? 

Experience tells us that one of three factors 
must be involved in the breakage. If any two 
of these items are found to be correct, th 
trouble inevitably lies in the third. Hence, if 
the steel is found to be correct and the tools ar 
found to be correct, the trouble must be in the 
set-up. The method of judging or determining 
which item is responsible is not always a simpk 
matter. When the problem arises we immedi- 
ately begin our check, sometimes one item al « 
time, but under stress of production all thre 
must be tackled at once until the offender has 
been segregated and corrected. 

In summing up the deep drawing problem. 
I believe that technicalities are of major impor- 
tance. However, the most essential element o! 
the entire scheme of production is a serious 
spirit of willing cooperation between the stee! 
producer and his manufacturing customer, and 
the same spirit prevailing within each of th 


organizations. 


Center Portion or Core of Rimmed Steels, Suitable for Deep Drawing, Magnified 100 Diameters, Nital Etched 


a > Ne. \ 
* hg ‘ = ‘ 
Fig. 9 Steel As-Rolled, Fin- Fig. 10 Normalized, Grain Size Fig. 11 Finished on Hot Side 
ished on Cold Side, Grain Size 8 6 or 7. Such stock less than 0.200 or Annealed; Grain Size 5; 
or 9, Suitable for Simple Draws in. is suitable for extrusion Extrusion in Thicknesses 0.20 v4 
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CRITICAL POINTS 


by the editor 


TTELCOMED by Cuartes Lemon to the 
\ huge Washoe Smelter in Anaconda, 
Mont.. where first this writer worked, a freshly 
vraduated mining engineer — now too long ago 
for counting — and warmed an aging heart in 
the glow of good old friends. Technology was 
all entangled with remembrances, for the four 
of us, the Lemmons and the Tuums, all started 
there together. CuarLey is a perfect exemplar 
of an oft-repeated dictum that character and 
ability make more for success than formal col- 
lege training. He then was field engineer on 
the ore road, having learned his engineering in 
a liberal arts college (Bucknell) and now is 
assistant general manager of the reduction 
department — a somewhat metallurgical job. 

..Washoe smelter also has grown in size, 
although the ancient goal of one million pounds 

of copper a day is still 


Arsenic Metal par. The growth has 
and Vanadium been change and diversifi- 
Oxide—Smelter = cation. Where once were 
By-Products the world-renowned blast 


furnaces, defunct since 
the days of high grade ore and coarse concen- 
lrates, is now an electrolytic zine plant. The 
famous big stack has been replaced with one 
even bigger, even stupendous, and the dust 
chambers supplemented by a Cottrell electro- 
static precipitation plant large enough to clear 
all the smoke of its solid fume. (An interest- 
ing by-product is some 600 Ib. daily of metallic 
arsenic, made by distilling the oxide with car- 
bon, a la zine, in east iron retorts.) Some of the 
sulphur smoke is converted into sulphuric acid 
ina chamber plant managed by M. R. (Muck) 
Hoyt, another reconstructed mining engineer. 
Some acid goes into the electrolytic refineries 
per and zine at Anaconda and Great 
the large surplus into the manufacture 
¢ phosphate fertilizer for mid-western 


fol 


sugar beet fields. The phosphate rock contains 
0.16°° vanadium and this also goes into solu- 
tion, but can be precipitated in a phosphorus- 
vanadium complex by bringing the liquid to the 
proper pH and temperature. A simple reaction 
then converts the precipitate to almost e¢.p. 
V.O;, which is washed and finally dried in pans. 
Here’s 400 lb. of vanadium a day as a side issue, 
which figures out to be somewhere in the neigh- 
borhood of 5° of the U.S. consumption. 


INTERESTED in looking over the newly started 
department in the Anaconda smelter for the pro- 
duction of manganese oxide, under a three-year 
contract with Uncle Sam’s Metals Reserve Co. 
The ore is a carbonate and comes from the 
Emma mine in Butte. During the last war some 
high grade ore from this mine was sent to Great 
Falls, Mont., where electric furnace production 
of ferro was getting under way at the Armistice. 
In the intervening years only a little has been 
shipped to a Butte firm for nodulizing. The 
most of the ore in reserve is low grade — say 
25‘, manganese — and contaminated by lead 

and zine sulphides; however 


American the latter are easily floated 
Manganese off after fine crushing. A 
Ore—in simple plan for floating the 
Quantity particles of manganese car- 


bonate from the remaining 
valueless oxides has been worked out; the nub 
of the idea is to alkalinize the tailings from 
the lead and zine cells with caustic. The 
de-watered and thickened float (manganese 
carbonate) is then sent to a huge gas-fired 
cement kiln some 270 ft. long and 15 ft. diam- 
eter. Inside the upper (cooler) end are hung 
hundreds of looped chains to break up and 
throw around the mushy feed, which as _ it 
passes along is first dried, then calcined of its 
CO., and finally nodulized into lumps, nut to 
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fist size. The hot discharge passes, by a long 
pan conveyor, through a covered channel where 
it is partly cooled by an air draft, and then 
down to handling temperature in a device that 
works like a mechanical stoker in reverse. A 
continuous sample is cut from the stream as it 
discharges into railroad cars for immediate 
shipment to eastern furnaces or stock piles. 
The contract calls for 80,000 tons of nodules a 
year, to contain about 57° manganese. 


Went 10 SEE Grand Coulee dam, as every- 
one should who gets to Washington, and was 
right handsomely entertained by Major S. E. 
Hurron, he of the encyclopaedic knowledge of 
all aspects of this civil engineering, electrical 
engineering, and agricultural-irrigation engi- 
neering mammoth, and how it all works into 
the economic welfare of the Pacific Northwest. 
Mammoth it undoubtedly is, but there’s no scale 
by which the eve can measure its bigness. It’s 
in big country. To hear that the dam is three 
times as big as any other man-made thing does 
not mean much because the other man-made 
thing is absent; round about are just ordinary 
bluffs of a valley cut into a rolling plateau by 
the Columbia River. To know that its crest is 

nearly a mile long doesn’t 
Big Things count either in country where 
in the West hamlets are 30 miles apart. 
Each of the 150,000-horse- 
power turbines which will draw 140 tons of 
water a second through 18-ft. penstocks might 
look big if they weren't completely buried in 
the concrete. Electrical generators — 45 ft. over 
all in diameter, standing 22 ft. high above the 
floor, and turning on shafts nearly 4 ft. in diam- 
eter and 74 ft. long — merely look “to scale” in 
a power house of Notre Dame’s dimensions. 
That the trestles for transporting concrete used 
up 25,000 tons of structural steel, half the 
amount in the Empire State Building, and that 
to cool the concrete mass took 1700 miles (ves, 
miles) of 1-in. steel tubing and that 1280 resist- 
ance pyrometers are buried in the structure 
all this means not so much. But once within the 
vitals of the thing, looking down one of the 
brilliantly lit inspection galleries, wide as a 
hotel corridor, but extending on and on until 
it vanishes into the far perspective then you 
know that this indeed is an amazing, a mighty 
work of man!..... One of those billion dollars 
Uncle Sam appropriates so lavishly for muni- 
tions would build four such projects, if they 
could be located, each irrigating a million and 


a quarter acres of fertile land and | \jng 
10,000,000,000 kw-hr. of surplus power ep, 
year for homes and industry... ...Just be 
the city of Coulee Dam, the permanent — me 
of 3500 people, the families of operatiny and 
a delightful 
spot. No less commendable, though temp: rary, 


headquarters’ employees 


is the model encampment across the river for 
the contractors’ forces. An overflow settlement 
upstream, above the dam, is in unlovely cop- 
trast, but its shacks are already disintegrating 
as the end of the job comes in sight. 


Our IN SEATTLE, argued with ASMembers 
about the best way to get a true vision of this 
country of ours.....Everything in it is or gets so 
big —big cities, big trees, big corporations, 
deep canyons, these tremendous plains, big 
talk, great rivers, high mountains — that we 
cannot help as a people to reflect this bigness, 
this expansivity so irritating to our crowded 
foreign friends. Heirs of this immensity, we 

cannot understand the 
Go Slow, Young tragic bickerings of 
Man, and See 


the Country 


Europe. .. They in 
Seattle, being “air 
minded”, said _ there's 
nothing like an airplane for getting you up 
where the country unfolds below you like a 
map. On the contrary, say I, the high speed 
of flying shortens all distances; go to the other 
extreme and hoist yourself on a horse. Just 
try to belitthke Colorado to a boy who ambled 
ten days across its southern edge from Durango 
to the plains! Shed a nostalgic tear for such 
slow meanderings and nature communings; hail 
to the rushing auto, the streamliner and _ the 


airliner! 


PonveRING over the figures for aluminum 
production, zooming up like a Lockheed inter- 
ceptor, and remembered seeing figures in the 
Office of Production Management at last year’s 
end showing that there would be an ample sup- 
ply of ingots and fabricated forms. Since then 


ed 


the armament program has been inc! 
more than once, production concentrated of 
bombers for Britain—big ships using much 
metal ——and six months after that comfortabl 


estimate was made, when production is >! th 


unprecedented rate of 600 million pow 's ° 
aluminum ingots per year, the Boy Se are 
going from house to house collecting 4 rded 
pots and pans to eke out civilian ne ties. 

now 


If the daily press can be credited, plans 
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being formulaied in Washing- 
Sq: -zeim ton for five or six new reduc- 
Ale ‘mum tion plants to increase our 
annual production to 1400 mil- 


lio unds (700,000 tons) a year, as much as 
the re world made in 1940. What with the 
necc. ary power plants, the expanded ore sup- 
ply w alumina refineries, and the rolling 
mills and other fabricating plants to be built, 
it \ doubtless be 1943 before all this new 
metal is available. 


f course, these facts point up to one thing 
a creat effort to make as many airplanes as 
soon as possible. It will be nip and tuck 
between fabricating facilities and raw material 
supplies. Under these circumstances, an out- 
sider looking in would suggest that air- 
craft designers lean much more heavily 
on steel as an alternative material. 

Now, that would be a matter for 
future designs rather than present ones, 
for the rule today is to let nothing inter- 
fere with production. Certainly the 
bombers we are now making are not the 
best we can make, but the inevitable 
new and better designs should preferably 
come out of the new fabricating plants, 
now being or yet to be tooled up. 

What can these steel-using designs be? 

We might have the medium sized craft 
with steel skeleton, similar to our present 
trainers, with fabric, plastic or laminated cover, 
well armored, and for auxiliary uses in areas 
where air supremacy is reasonably well main- 
tained by fast, vicious fighters. 

We might have medium or big ships with 
all steel wings, clad with stainless sheet, leay- 
ing the more bulky aluminum alloys for the 

fuselage, where the working 


Why Not stresses are low and the design 
Use More is based on stability considera- 
Steel for tions rather than strength. 

Aircraft Lastly, the big ships might 


have steel wing spars where 
stresses are high. (Mr. Jackman described, in 
his leading article in MeTaL Progress last month, 
his method of strengthening these members, 
Weighing about one seventh of the entire struc- 
ture. The construction of these big wings, to 
carry a couple of engines each, seems so extra- 


ordinarily complicated as to suggest that the 
limits of aluminum sheet have about been 
reach Or if heavy extrusions are being 
‘apere! for main members, it makes you weep 


lo see ‘5 or 40% of the metal reduced to fine 


millings.) Mere substitution would not do, since 
steel and aluminum in composite members 
share the loads, and the modulus of steel is 
three times as high as aluminum. However, 
successful substitution might make ten bomb- 
ers grow where nine do now. 

These specific suggestions are, obviously, 
those of an outsider looking in. Several men 
in the aircraft industry have told him their 
objections to more steel in their structures 
(even though they use steel exclusively in 
engine mounts and landing gear). Some of 
these objections would not impress men more 
familiar with the material. Admitted, there 
would be a shortage in the required steel 
shapes, tools, welders and heat treaters, but 
these shortages would quite 
quickly vanish by the appli- 
cation of priorities. The 
materials now exist, which 
is more than can be said for 
aluminum and magnesium 
fabrications. To the objec- 
tion that it is hard to heat 
treat steel (or any metal) 
without warpage, it may be 
said that fabricated steel air- 
craft beams of great variety 
have already been heat treated successfully in 
lengths up to 24 ft. Finally, why worry too 
much about corrodibility in a structure whose 
expected life is so short? Anyway, material that 
is admittedly durable enough for an engine 
mount should be suitable for a wing beam. 


INTERESTED to learn that ail the copper con- 
centrates made at the huge Magna and Arthur 
Mills of the Utah Copper Co. are treated to 
recover molybdenite, and from the 80,000 tons 
of ore mined and crushed daily some 21 tons 
of MoS. are recovered. The ore from the moun- 
tainous mine in Bingham Canyon, in which 
copper is impregnated fairly uniformly, varies 
widely in molybdenite, the latter mineral hav- 
ing been deposited in a later enrichment. Even 
at best, the quantity is measured in a few hun- 
dredths of one per cent. That's getting needles 
out of haystacks for you but, as the Scotch say, 
“Monny a mickle makes a muckle.” ... . As is 
perhaps well known, the Utah Copper Co.'s 
mills have a relatively simple flow sheet: (a) 
Fine grind, (b) float. Also perhaps it would be 
well to explain to many ASMembers that flota- 
tion concentration defies the natural laws of the 
old-time gravity concentration, wherein the 
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heavier sulphide minerals settled in 
a pulsating water current, and so 
separated from the lighter quartz and 
valueless mineral which were washed 
away. (Panning for gold is a simple 
example.) In flotation a little oil is 
added to the finely ground ore with 
about four times its bulk of water. 
The “cell” is a simple box, at one 
end of which a spinning impeller 
whips up the mixture into a froth, and for some 


= 
= 
= 
= 

= 

= 
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strange reason the sulphides are carried up in 
the foam and are skimmed off... .. Most of the 
molybdenum sulphide in the Utah ore floats off 
with the copper sulphide; the problem of sepa- 
rating the two economically, as solved by the 

technical staff, is a master- 
Finding 5 Ox. piece of “differential flota- 
Molybdenum tion” — that is, making one 
an Each Ton sulphide float and the other 


of Copper Ore sink. Roy Harcn, assistant 
general superintendent of 


mills, described to me the operation in much 
more detail than need be repeated here. 
Briefly: To the copper concentrates (mixed 
with about 80° water) a chemical is added 
which acts as a “depressant” to the molybde- 
nite; as the slurry goes through a series of 
ordinary flotation cells the tailings contain the 
molybdenum. The latter product analyzes from 
3 to 8% MoS.; too much attention cannot be 
given here to molybdenum recoveries, for the 
mill is essentially a copper producer and noth- 
ing can be permitted to interfere seriously with 
this main function. Some 400 tons of these 
molybdenum-enriched tailings are produced 
daily. They are first calcined lightly in Wedge 
roasters. This accomplishes three things: 1. It 
destroys the previously used flotation and 
depressing reagents; 2, it drives off the frothing 
oil; and 3, it causes some change in the non- 
metallic minerals, making them amenable to 
the subsequent separations. The cooled calcine 
is mixed with water, correctly alkalinized, and 
a “frother” added whereby the insoluble is 
floated and discarded, leaving tailings that con- 
tain principally copper, iron and molybdenum 
as sulphides. This material is then further con- 
ditioned with other reagents so that now only 
the MoS, will float. The final result of a rather 
complicated series of cleanings is a flotation con- 
centrate that runs more than 907 MoS. and less 
than 1144‘ copper. This is filtered, dried, put 
into bins containing a day’s run, sampled and 
analyzed. Sometimes it is necessary to blend 


the product from vario. hips 


to meet specifications. One 
speculates on the presen 
tion of the thousands tons 


of molybdenum smelted with 
the copper concentrate ‘fore 


it was separated. Did i: enter 
the slag, did it go off wiih the 


smoke, or was any of it caught 
in flue chambers or Cottrell 
plants? No matter where this lost metal js, the 
Utah mills alone are now making about { mil- 
lion pounds of molybdenum (metal content) 
per year. The other western porphyry copper 
mines are also producing the mineral by analo- 
gous methods and from 11 to 12 million pounds 
of by-product molybdenum may be expected 
from these combined sources in the next 12 


months. 


SADDENED by the hint, from a friendly adver- 
tising agency, that the reading pages of Mera 
PROGRESS are somewhat stodgy. They try to bx 
brief and accurate. Perhaps we'd better take a 
poll of reader preferences about the correc! 
way of reporting metallurgical events..... For 
instance, last November we said (all too 
briefly): “Joun Grier of Westinghouse makes 
protective atmospheres low in CO, and HO by 
burning gas in limited air in a mass of catalyst. 
and tests its effect on steel by drawing it over a 
fine wire, heated in a test tube (see Mera 
Procress, October 1940, p. 566)... . . Behold how 
it might have been reported: Headline — “Blitz 

Gas Polishes Aircraft Parts 
Te Blurb, Single Instant”. Catch paragrap! 
or Not “Out of the poison fumes of 3 
to Blurb furnace comes a scientific gen 

which in one single instant does 
a polishing job on America’s new war planes 
which used to take days”. Body of story 

“Aireraft parts undergo finally a heat bath t 
harden them. It lasts long enough so the ordinary 
result is a scaly piece of metal that must be pickle: 
and polished, taking time — that priceless col 
modity. The new Westinghouse discovery no" 


nil 


eliminates a bottleneck of bolts, nuts, shatts ane 
gears. It is a poisonous genie whose essen! | part 
is the automobile exhaust gas, carbon mono 


without it some of the carbon in the steel vapor’ 


and escapes, causing scale. The poison gas )ress® 
on the steel parts and keeps the amount « rb " 
in the softened skin at par. A scientific “ Idins 
lamp has been devised to call forth th rrect 
genie for every type of steel. Every Pp tan 


comes out brightly polished.” 
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\ HY ARE METALS SO SOFT? 


By E. N. DaC. Andrade 


Abstract of James Forrest Lecture on “The Mechanical Properties of Solids” before 
Institution of Civil Engineers, The Engineer, June 13 and 20, 1941, pages 380 and 394 


‘is LECTURER started by reviewing the dif- 
ferences between the atomic architecture of 
gases, liquids and solids, and mentioned that it 
was very difficult to account for the mechanical 
behavior of solids (particularly plastic flow, ulti- 
mate strength, increase of strength by cold work, 
and fracture). The ultimate particles of matter 
are so close together in a solid that the intermolec- 
ular forces are of prime importance. Packing is 
almost equally close in a liquid, but the essential 
difference is that the liquid cannot support any 
internal stress permanently. Another very signifi- 
cant difference is that the liquid’s physical prop- 
erties are perfectly definite, while some of a solid’s 
properties (density but particularly its resistance 
lo stress) vary widely according to the past history 
of the specimen. Solids are therefore said to be 
and this shows one thing 


“structure-sensitive’ 
clearly, that actual erystals cannot consist of atoms 
or molecules arranged in the perfect pattern con- 
templated by the mathematician -——on a_ perfect 
lattice, to speak in more technical language — nor 
can they be in thermodynamic equilibrium. 

lt is possible to compute the breaking strength 
ota perfect erystal from our knowledge of atomic 
lorees. The foree theoretically required to sepa- 
rate one atomic plane from another is some 40 
times the tensile strength of the strongest metal. 
Instead of pulling the piece apart, if we try to slide 
one plane of atoms over another plane, or, say, one 
row of atoms over another, the distance between 
‘wo adjacent atoms first increases and then 
decreases again. It would seem logical to assume 
that if a stress be sufficient to cause the plane to 
move one half of one atomic step with reference 
to the neighboring plane, then it should be sufli- 
“lent to cause it to execute any number of steps; 
‘shearing stress exceeding a certain value would 
produce indefinite glide of one plane over the other. 
Caleulations for the theoretical shear strength on 
such a supposition gives a value some 40 times 
that observed for steel. 

On the basis that there is nothing radically 
‘rong with these theoretical views and computa- 
necessary to harmonize them with the 


lions. 


observed action of large single crystals under 
stress, and with plastic flow and strain hardening 
of commercial metal, which, of course, is a poly- 
crystalline aggregate. It has been suggested that 
invisible surface cracks (about as deep as two 
wave lengths of light) may be the cause of weak- 
ness of fibers far below their theoretical strength, 
and many experiments have been made that sup- 
port this view, among them being one that showed 
unmistakable signs of concentrated strains along 
definite crystalline directions far earlier than per- 
manent slip occurred (in the identical directions). 

“Single” crystals (rather than “perfect” crys- 
tals) have been made by metallurgists in various 
ways. The existence of tiny flaws within the crys- 
tal has been postulated to help explain the fact 
that shear slip in such crystals takes place on cer- 
tain planes only, leaving the metal between rela- 
tively undisturbed. In general, the spacing of the 
slip planes becomes wider and wider as the tem- 
perature is raised. It has been suggested that the 
choice of the particular region where marked glide 
takes place may be local impurities, but experi- 
ments carried out in my laboratory with wires of 
exceedingly pure solid mercury (the impurity was 
probably about one in a hundred million) show 


that this cannot be so. 
(Continued on page 232) 


Model Illustrating Glide (Slip) as a Movement 
of a Few Atoms at a Time, in Effect Transfer- 
ring a Discontinuity From One Place to Another 


dugust, 1941; Page 171 


re 
4 
pec 
: 
a 
lint 


CAL ILLUMINATION 


or macros 


By George K. Manning 


Chicago Metallurgical Dept 
Republic Steel Cor, 


AVE YOU EVER used words printable only as obtained the equipment may be set up and 
*-? and !!,?* when looking at a carefully taken adjusted quite quickly. | 
macrograph and finding that much of the detail In order to judge of the possibilities a | 
clearly visible to the eye was not revealed on the few comparative views will be shown of th : 
negative? We have, frequently, and we have also same objects, photographed under obliqu 
found that in many cases vertical illumination is illumination and under vertical illumina 
just as helpful in making a macrograph as it is in tion as described above. | 
making a micrograph. Figure 2 shows the hardening patter n 

The principle used is identical with the princi- of two smooth cross-sections with obliqu 
ple used on all metallographic microscopes. Figure and vertical illumination. It will be noted Nn 
1 indicates the arrangement. A No. 1 photoflood immediately that the hardened rim photlo- e 
bulb in a common photographic reflector, placed 2 graphs dark when obliquely lighted, and si 
or 3 ft. from a plate of diffusion glass, will provide white when vertically lighted, and tha! vi 
suflicient light to properly expose a negative with a U 
Weston rating of 8 in 3 sec., when the camera lens b 

is stopped to f& The ground glass used in Republic 

Steel Corp. laboratory is 87 in. and the plate glass hi 
which acts as a reflector is 8 10 in. The two may be i 


conveniently held in place by two boards each con- 
taining a vertical and a 45° slot. 

It is usually desirable to place the plate glass 
reflector as close to the camera lens as possible and 
thus keep the distance the light travels from the 


ground glass to the object a maximum. This scheme 
reduces the amount of oblique light that finally Bor 
reaches the camera lens. Still greater contrast may | (Blac Ling 
be obtained in the object being photographed by , Vl 
moving the ground glass further from the plate glass | 
er reflector toward the light source. The object being I et 
Sl photographed should be placed in the bottom of a a - 
box which has been lined with black photographer's 
paper to eliminate any glare from direct light strik- Fie. 1—General Arrangement 
ing its corners. Once the necessary materials are Improved Lighting for Macrogra 
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the wnditions are reversed for the unhard- 
re. This reverse effect is likely unless 
the ce is over-etched to the extent that 
ier martensitic area is roughened 
no longer a mirror surface. Tedious 
me-consuming etching processes are 
necessary to roughen the martensitic 


us 
ape without staining so it will photograph 
wl under oblique illumination. As the 
carbon content of the sample is lowered it 
becomes increasingly difficult to produce suf- 
fici contrast between the hardened and 
unhardened zones. However, if vertical illu- 


mination is used a simple 2° nital etch does 
very well. An etch which will clearly reveal 
the structure at 50 or 100 magnifications 
under the microscope will generally produce 
the desired results in a macrograph taken 
with vertical illumination. Hardening pat- 
terns in 0.25° carbon steels may also be 
made to appear. Any pattern visible to the 
naked eve will be evident on the negative. 

Figure 4 is of two fractures 
taken with vertical and oblique 
illumination. The samples appear 
somewhat more natural under 
vertical illumination and the 
dense shadows on the sample 
photographed with oblique illu- 
mination are eliminated. 

Likewise, oblique illumi- 
nation gives no hint of the 
extremely coarse grain size of the 
sample shown in Fig. 3, whereas 
vertical illumination brings out 
the ferrite pattern that was visi- 
ble to the eve. 

Each kind of illumination 


has ils proper application. Vertical illumination 
will be found to be very satisfactory when pho- 
lographing flat or nearly flat surfaces. When 


Fig. 4 


Oblique 


Oblique Vertical 


Fig. 2 (above) Depth of Hardening Observed in S.A.E. 
1040 Round and 1065 Rectangular Bar. Smoothed, 
etched with 2% nital and magnified 1's diameters 


Fig. 3 (below) Coarse Grain (Ferrite Network) in 
Forged S.A.E. 1045 Clearly Photographs Under Verti- 
cal Illumination, Surface is too smooth to reveal fine 
contrasts under oblique light. Nital etch; actual size 


Oblique Vertical 


it is necessary to indicate contour and depth in 
the photograph, oblique illumination serves the 
purpose far better. S 


Fracture of Two Bars, Photographed Natural Size Under Two Methods of Hlumination 


Vertical 
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Activated Salt Bath for Surface Hardening by the Chapmanizing Process. 
Strings of small parts are mildly preheated while resting on the furnace 
casing. Photographed at Lakeside Steel Improvement Co., Cleveland 
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im the heat treat 


A PRIME CONSIDERATION in the selection 
l of steel to be used for a given part lies 
in the heat treating procedure which can or 
must be used. This importance is not too appar- 
ent at first glance, but a moment's consideration 
will give it proper significance. For example, a 
first question one might ask is, “Can we perform 
the treatment required on this part if we use 
such-and-such a steel?” The metallurgist or 
foreman may be called in and asked; he might 
reply, for instance, “We'd have to oil quench 
the stuff; the only oil tank we have is alongside 
the small furnace, which wouldn't take this 
piece; all we have near the big furnace is water. 
Besides, you remember we took out that oil 
tank six months ago.” 

the problem of available equipment as it 
affects the selection of steel is not limited to 
small plants. Think of a large plant where a 
production line of furnaces has been assembled 
over the years to handle certain heat treatments; 
a change in procedure may necessitate exten- 


sive and expensive changes. Of course, if the 
‘company is big and rich enough, that is another 
thing. | once was told by a heat treat manager 


that 


Was 


certain large continuous special furnace 
be torn down because it wasn’t needed 
lor “new model”; besides, it only cost $35,000 
twe irs ago and it had already paid for itself, 


and y didn’t have space or desire to store it 


"Tl 
Cp 
— 
[T] 


By Gordon T. Williams 
Metallurgist, Deere & Co. 
Moline, Ill 


against possible future need. Few of us are in 
that position! 

The part played by the existing heat treat 
in steel selection may be suggested in the fol- 
lowing paragraphs: 

Annealing (implying cooling in the furnace 
or other retarded cooling): Is there furnace 
capacity enough to permit the necessary cycle 
to be followed? Some steels demand long, slow 
cooling periods, and may tie up a furnace com- 
pletely for many hours. Also, bear in mind that 
reduction in warpage of carburized and hard- 
ened parts is favored by annealing (or normal- 
izing) at a temperature higher than that used 
for carburizing, say 1750°, and that many fur- 
naces won't reach this temperature, or stand up 
very long under such conditions. 

Carburizing: The adoption of a carburizing 
steel, if required, may necessitate provision for 
an operation not previously performed. If the 
size of the job warrants purchase of equipment, 
well and good; too often this is not the case. 
Occasional pieces can be packed in home-made 
boxes, pieces of pipe or the like, if proper con- 
tainers are not on hand. Direct quenching (the 
No. 1 favorite on today’s heat treat parade) is 
often not easy to carry out without special pro- 
vision; usually continuous gas carburizers are 
installed where it is desired to quench direct. 
Unfortunately, many plants cannot afford these 
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big units. An oil tank must be provided close 
to the furnace discharge point and, if work is 
pack-carburized, a dumping screen is desirable. 
Slow cooling from carburizing simply demands 
space where the work can be cooled, protected 
from contact with air, apart from the furnace 
so that the latter is not tied up unduly. Tem- 
perature uniformity must be good within the 
furnace if case depth uniformity and minimum 
warpage are to result. 
Heating for Hardening: 
Obviously, a furnace big 
enough to hold the work is 
needed, but temperature 
uniformity must be ade- 
quate; for this reason, like- 


wise, a large furnace is not 


usually desirable for very 
small pieces. (The prover- 
bial needle-in-the-haystack 
has nothing on the difficulty 
of finding a small red-hot 
piece on the hearth of a large 
red-hot furnace.) The fur- 
nace used must have a suit- 
able heating rate so that an 
excessive heating time, with 
accompanying heavy scal- 
ing, is avoided. And, speak- 
ing of scale, the expectation 
in this respect must be borne in mind, namely, 
potential hardenability depends on the quality 
of the quench, and an excessively scaled piece 
may fail to respond to a quench which would 
harden a clean or lightly scaled piece. Use of 
atmosphere-controlled furnaces for the harden- 
ing heat may make the quench effective enough 
so that a lower priced steel of lower harden- 
ability may be adopted. The lower the harden- 
ability of the steel, the greater will be the 
handicap imposed by scale. And, of course, the 
detrimental effect of scale is far more evident 
in oil quenching than in water quenching, since 
the violence of the latter usually blasts off 
ordinary scale. 

Quenching: Fundamental indeed is the 
influence of the quenching medium as a factor 
in steel selection. Water quenching is obviously 
the first choice, because of the ease of circulat- 
ing it and controlling its temperature, as well as 
for its scale-removing property. But water often 
gives irregular hardening due to incomplete 
scale removal and to formation of steam pock- 
ets; a 9% brine or 3° caustic soda solution 


will normally give better uniformity of harden- 
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ing than water, with less warpage or te: cy 
to crack. These solutions, like oil, deman the 
use of circulating pumps or agitators, and de- 
quate provision for cooling, usually by 
“radiators”. Oil will often be required 4s 4 
quench medium if warpage is to be minim zed: 


a tank large enough in size to handle the work. 
and of capacity to avoid overheating the liquid. 
must be provided. (Useful rule-of-thum): A 

gallon of oil or water soly- 


tion capacity per pound of 
work quenched per hour 
will give good results 
without excessive cooling 
equipment.) 
Consequently, a good 
starting point in steel 
selection is “How will we 
quench it — water or oil?” 
Plan to use water or a 
water solution unless con- 
siderations of warpage or 
cracking enter the picture; 
if an alloy steel with good 
hardenability is to be used, 
oil quenching will usually 
be necessary. 
Tempering: Avyailabil- 
ity of temperature un 
formity in the necessary 
tempering operation must be assured. Many 
small plants have no adequate furnace fo! 
obtaining temperatures below 900° F. or so 
(above that, fair results may be obtained in bos 


furnaces). 
Conclusion 


The above considerations are probably 
obvious, but serve to show that the availabl 
equipment for heat treatment will have som 
influence on the selection of steel for a give 


part. Sometimes the experience of the hiea! 


treater with various steels is also a factor. 
any event, the heat treater may be able to offe! 
some worth-while suggestions to the ma 
is selecting the steel. 

Of course, now and then a new jol 
along that is important enough, or theo ec 
nomics of which are such that the steel s 
will require or permit purchase of equ 
Then the path is more clear, but the new | ([! 
ment should be selected with a view to 
for other parts as well, hoping thus to 


the overall operation of the department! 
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ALL ABRASIVE MATERIALS are refractory 
IX to some degree; that is, they have either a 
moderate to high fusion point or decompose 
only at a high temperature. However, not all 
abrasive materials are suitable for refractory 
purposes, although they may be highly refrac- 
tory. Conversely, not all materials possessing 
the property of refractoriness are suitable for 
abrasives. 

An abrasive may be broadly described as 
any material which will, because of difference 
in hardness, scratch a material softer than itself. 

The definition of an abrasive as generally 
understood by the trade is quite involved. My 
associate L. H. Mintican prefers to characterize 
an abrasive in terms of hardness, brittleness, 
ductility, plasticity, and modulus of elasticity 
in the following way (February 1911 Bulletin 
of the American Ceramic Society) : 

“The first requirement of a good abrasive may 
be expressed by saying that it must have a hard- 
tess similar to or preferably greater than the 


material being abraded. The usual abrasives are 
brittle materials, in that they are non-ductile and 
hon slic. Curves plotted to show their stress- 
‘train characteristics are straight lines right up to 
the point of failure. They are characterized by 
high modulus of elasticity, and the harder they 
” higher is their modulus of elasticity likely 
: be \brasive materials are also characterized by 
liv} 


chanical strength.” 


By Henry C. Fisher 
Research Laboratories 


Norton Co. Worcester, Mass 


A good abrasive must also possess a rea- 
sonably high degree of refractoriness. In many 
grinding operations considerable heat is gen- 
erated and, unless the abrasive is relatively 
unaffected by the heat thus generated, its abra- 
sive characteristics will probably be impaired. 

In defining “refractoriness” A. B. Sear 
uses the following in his book “Refractory Mate- 
rials; Their Manufacture and Uses”: 

“c(a) To indicate the resistance of a material 
to the action of heat, quite apart from any accom- 
panying conditions, such as the effect of atmos- 
phere in which the material is heated. 

“(b) To indicate the resistance of a material 
or article to heat under conditions of use, includ- 
ing the effect of hot gases, abrasion or corrosion 
by the contents of the furnaces, ete., which are 
seldom defined in detail.” 

The term “super-refractory’, used the 
title of this paper, signifies a superior refrac- 
tory. However, it should not be assumed that 
super-refractories are capable of meeting all 
conditions, Actually, no perfect refractory 
exists. 

There are certain advantages in using the 
term “special refractory”, as employed by H. 
E. Wurre in an article in Industrial Heating for 
October 1938, for classifying highly refractory, 
crystalline materials. A special refractory thus 
indicates a crystalline material possessing a high 


degree of refractoriness, above that of ordinary 
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materials, and one whose physical properties 
permit its use to advantage under special fur- 
nace conditions; it need not meet all furnace 


conditions. The ones designated by him are 
fused alumina, mullite, and silicon carbide. 


Electrically fused magnesia or periclase should 
also be included. Other materials such as 
thorium oxide and beryllium oxide, because of 
their high degree of refractoriness, might also 
be included, but since their present uses are 
limited, no further consideration will be given 
to them in this paper. 


Table I — Characteristics of Bonded Refractory Electric Furnace Products (a) 


as 1800° F. (1000° C.); however, only 
amount of glass phase is formed by m -|teqd 
impurities at temperatures below 3200° F. (179 
to 1800° C.), and the actual temperat) ve 
which the whole mass becomes liqui: 
excess of 3450° F. (1900° C.). It must be borne 
in mind that the softening range may pot be 
the determining factor so far as the effective. 
ness of the refractory is concerned. 

A highly refractory bond is mixed with the 
abrasive grain and a mixture is obtained thai 
is itself useful as a refractory cement. 


nall 


at 
is in 


It may 


FUSION STANDARD Brick RESISTANCE 
Purity oF POINT OF BONDING DEFORMATION TO ELECTRICAI 
MATERIAL GRAIN PURE MATERIAL P.C.E. (b) AT 1500° C. THERMAL | RESISTANCI 
MATERIAL Porosity | WEIGHT SHOCK 

Fused 94+% 2050° C. Clays 37+ 19to 21%) 11.5 1b. 2.0% Low Medium 
alumina ALO, (3725° F.) high 
(AL,O,) 

Fused | 99.5+% 2050° C. Clays or 39+ 20 to 23%) 11.5 Ib. 1.0% Low High 
alumina | ALO; (3725° F.) | chemicals 
(AL,O,) | 

Silicon 98% SiC Decomposes, Claysor | Variable 17 to 200%) 9.25 Ib. None Very Generally 
carbide at 2300° C. | none (d) high low 
(SiC) (4175° F.) 

Electrically | 95+% MgO 2800° C. Clays or 39+ 20 to 23%! 10.5 Ib. (e) Very Very 
sintered | (5075° F.) | chemicals low high 


magnesia 


(a) In every case the characteristics will vary 
with variations in bonding material, density of prod- 
uct, heat treatment and other manufacturing variables. 

(b) Approximate pyrometric cone equivalent of 
material mixed with necessary bond. 


Abrasives Available for Refractories 


Table I summarizes typical characteristics 
of bonded refractory electric furnace products. 

When considering refractories, we should 
not limit ourselves to abrasive materials, for 
many abrasives are not suitable for refractory 
purposes; furthermore, our hardest abrasives, 
diamond and boron carbide, are not suitable for 
refractories. However the synthetic abrasives, 
fused alumina (AL and silicon carbide 
(SiC), are suitable for refractories, and they 
will be considered first. 

Fused Alumina. The fusion point will vary 
with its degree of purity. 

Fused alumina is usually produced in two 
grades. One grade contains between 94 and 
95% Al.O;, the remainder being TiO», SiO», 
Fe.0;, and other oxides. In the fine grit sizes, 
sintering will commence at a temperature as low 
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out bonding material. 


(2650 and 2750° F.) depending on mixture. 


(c) Standard load test, 50 psi. 
(d) Recrystallized silicon carbide is made with- 


(e) Fails by shearing between 1450 and 1500" C, 


be molded into various shapes which, after fir- 
ing, are serviceable at temperatures above 500) 
F. (1700° C.). Such mixtures may be used as 
ramming mixtures for lining furnaces used fo! 
melting various metals; as burner tunnels fo! 
gas-fired and oil-fired furnaces; as plates fo! 
the construction of tunnel kiln muffles or enat- 
eling muffles (Fig. 1); as tile or standard brick 
for pier brick and for furnace bottoms; as por 
ous mediums; and as cements for embedding 
electrical resistance elements. 
Listed in the second line of Table I are date 
about a higher grade of fused alumina con{all 
ing more than 99% of Al,O;, the remainde! 
being largely Na,O. This material will 
fusion point close to 3700° F. (2050° ¢ 
fusion point of chemically pure Al,Qs. 
the Na.O present will be volatilized at te: 
tures above 2200° F., and there can be b 
fluid phase below 3600° F. 
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Fig. 1 


lent material from 
which to make labora- 
lory ware, pyrometer 
tubes, cores, tubes, and 
electrical 


muffles for 


resistance furnaces 


wound with nichrome, 
molybdenum, tungsten, 
or platinum wire. Rela- 
lively large quantities 
are used in fine grain 
sizes in the radio indus- 
try for tube insulation. 
Other uses include elec- 
lrolytic diaphragms, 
lower packings and car- 
riers for catalyzers. 
Silicon Carbide. 
Since most refractory 


Materials are oxides, 


Silicates, or mixtures of 


OXides and silicates, sil- 
icon carbide is unique. 
In many respects it 
reacts to furnace con- 


ditions in a decidedly 
diferent manner. Its 


Side Walls of Fused Alumina, 


In general, the uses of this higher grade 
of fused alumina are similar to those for 
the less pure material. It has a_ higher 


degree of refractoriness and is an excel- 


shown in Fig. 2. 
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Fig. 2 — Heat Transfer of Special Refractory 
Materials as Determined at Various Elevated 
Temperatures by Prof. Gordon B. Wilkes 
of Massachusetts Institute of Technology 


August, 1941; Page 179 


Silicon carbide does not “melt” 


Construction View of Interior of Continuous Enameling Furnace With Bottom Tile and Lower 
Work is carried on travelling hangers which loop at far end and return 


ability to transfer heat is on an entirely different 
scale than the other special refractory materials, as 


at atmospheric 
but 
temperatures in the neighbor- 
hood of 4200° F. (2300° C.). 
deformation 


pressures, decomposes at 


resistance to 
under load is good; also, it is 
tem- 


relatively insensitive to 


perature change. Its principal 
uses are for lining the clinker 
zone in stoker-fired boiler fur- 
nace walls because the clinker 
does not adhere to it; for 
hearth plates for underfired 
heat treating furnaces because 
resistance to 


heat 


of its strength, 


spalling, and transfer 
properties; for recuperator 
tubes. Under certain condi- 
tions, itis used for the construc- 
muffles in enameling 


It also finds a use in 


tion of 
furnaces. 


muffles for small resistance- 


wound electric furnaces, for 


small gas-fired furnaces, 
and for zine distillation 
retorts. Its excellent load- 
carrying characteristics and 


spall resistance make it an 


Abe 
Byes 
% 
| | 
rd 
— 4 4 
| 
‘ 
/ 
/ 
> 


ideal material for tunnel kiln car tops, supports, 
plates, rings and saggers, and kiln furniture 
generally. 

The tendency for silicon carbide to oxidize 
at temperatures between 1500 and 2200° F. (800 
and 1200° C.) impairs its suitability for specific 
uses. Also, bonded silicon carbide refractories 
are not generally used at temperatures much in 
excess of 2900° F. (1600° C.). 


Non-Abrasives 


Other synthetic refractory materials not 
Classified as abrasives may be listed as follows: 
1. Electrically fused magnesia (MgO) 

2. Mullite (8Al1,0,-2Si0, ) 

3. Spinels (MgO-AlO,) or (FeO-Cr.O,) or 
(MgO-Cr.O,) 

4. Forsterite (2MgO0-SiO, ) 

Electrically Fused Magnesia. Some experi- 
menters quoted in “Handbook of Chemistry and 
Physics” have given the fusion point of pure 
MgO as 5075" F. (2800° C.). The fusion point 
of the electrically fused MgO will probably be 
somewhat below this, because of slight impuri- 
ties. Suflicient quantities to fill commercial 
requirements are not obtainable in the pure 


QO 100 200 300 400 500 600 700 800 300 1000: 
+t + + + + + 


1x105 | — Alumina 


+ 


Bondeo 44 
Fused ; 
Magnesia 2 
1x10? =e" 
4 
& TM400%. 2 
S 6 
as 4 
| | 
Bonded 
fused 


+ 


1x104 
200 400 6&00 800 1000 00 1400 1600 B00 
Jemperature, F 
Fig. 3 Electrical Resistance at Elevated 


Temperatures of Various Mixes of Mag- 
nesia (Bonded and Fused) and of Alumina 


form; this is ordinarily unnecessary. Us. jy 
small amounts of clay or iron oxide are | seq 
as bonding ingredients; occasionally magne. yyy 
chloride. Electrically fused magnesia is | sed 
generally as a ramming mix wherever a i 
lining is required to resist a highly corrosive 
slag. The material has a relatively high |\ea{ 
transfer value, but is mechanically weak at |yjg) 
temperatures and is decidedly sensitive to {her- 
mal shock. 

Large quantities of selected magnesia are 
fused and treated for use as electrical insula- 
tion. It has a high electrical resistance at high 
temperatures, making it eminently suitable for 
insulators either in powder form or in cement 
mixtures. Figure 3 gives the specific resistance 
at temperatures up to 1800° F. (1000° C.) of 
various refractory cements made with fused 
magnesia and fused alumina. 

There are a number of mullite refractory 
products that are made by molding in the usual 
manner with added bond and then firing. How- 
ever mullite is also formed into blocks by cast- 
ing from the liquid phase, the molten material 
being merely poured into appropriate forms 
and allowed to solidify. 

Such cast refractories constitute an inter- 
esting product and have particular merit where 
an impervious lining is desirable in furnaces 
operated continuously for long periods of time 
without shutdown. The prime use is for lining 
glass tank melting furnaces. 

There is not much that can be said with 
respect to spinels and forsterite at the presen! 
time, but several recent patents have covered 
their manufacture. Their properties may mak« 
them useful in steel melting furnaces under 
certain conditions. Forsterite, the magnesium 
orthosilicate, has been discussed in a recent! 
paper by Gitpertr E, Sem and staff in the /our- 
nal of the American Ceramic Society for Janu- 
ary 1941, 


Natural Refractory Minerals 


This discussion would be very incompleti 
if we omitted mention of some refractory min- 
erals occurring naturally. They fill the gap 
refractoriness between that of the fireclays «nd 
“special refractories”. These are: 

1. Corundum (AIO, ) 

2. Bauxite (colloidal Al,O,-3H,O) 
3. Diaspore (Al,O,-H.O) 

4. Sillimanite (Al,O,-SiO, ) 

Andalusite ( Al,O,-SiO, ) 
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Kyanite (Al,O,-SiO, ) determining the usefulness of commercially 


Kaolin (Al,QO;-2Si0,-2H,O) available products, and is presented as a basis 
Zirconium oxide and silicate—(ZrO) and for making an initial approach by the user to 
Z Oz) the selection of a refractory for a new purpose 


Chromite (FeO-Cr.O, ) 


a or to avoid existing difficulties with another 
Silica (SiO, ) 


material. This classification is only approxi- 
mate. It makes no attempt to a clean-cut dis- 
Selection of a Refractory tinction between the various types and uses. 
There are many large overlaps in properties 


ie selection of a refractory to meet a given and in suitability. Commercial materials vary 
set of conditions usually is no simple problem, widely in degree of purity and the manufac- 
voverned as it is by a set of conflicting fac- tured products vary in structure. 
iors. some beyond the user’s control. There is The table further emphasizes the fact that 
no perfect refractory; consequently, we must there is no perfect refractory and that in the 
balance the desirable properties of the avail- selection of a refractory it is necessary to make 
able materials against their undesirable proper- a series of compromises. The evaluations: 1, 
ties, and select one which will most nearly fulfill for very high; 2, high; 3, medium; 4, low; and 
the needs, bearing in mind that it may be neces- 5, very low, only show the general relationship. 
sary to sacrifice length of life or some other For example, under the heading of “Refractori- 
property. ness’, fireclay is listed as 3 (medium). This is 
lable IL estimates the relative factors for not correct in the strict sense, because there are 
Table Il — Relative Factors (a) for Determining the Usefulness of Commercial Refractory Products 

PRODUCT S | at s ise |z & 
=< 5 - = 2-6 25S lig 
- = << n= & nS 
Silicon carbide 2 1 | 1 3 (b) 1 | 3 1 2 
\luminous materials: 
Fused alumina 2 2 4 2 1 1 2 i 4 2 2 I 
Corundum 2 3 3 3 | 1 | 2 { 3 3 2 2 
Bauxite 3 3 3 3 | 1 I 2 4 3 5) 3 3 
Diaspore 3 3 3 3 1 I 1 2 1 3 3 3 3 
Magnesium compounds: 
Sintered magnesia 1 4 5 2 1 | 5 | { 3 1 2 3 
Calcined magnesia 1 4 5 3 | 1 5 1 4 3 2 2 3 
Sintered MgO with fused 
ilumina 2 4 3 3 1 1 o 2 j 3 2 2 3 
Magnesia spinels 2 4 3 3 I 1 3 2 i 3 2 2 3 
Forsterite 2 2 3 i 1 1 3 3 4 3 2 2 3 
\luminum silicates: 
Mullite (fused and cast) 2 1 4 3 1 | | 3 { 1 2 2 | 
Sillimanite 2 2 2 | 1 1 1 3 4 2 2 3 e 
\ndalusite 2 2 2 3 1 1 1 3 i 2 2 3 2 
Kyanite 2 2 2 3 1 1 1 3 4 2 2 3 2 
Kaolins 2 2 2 3 1 1 1 3 { 2 2 3 2 
Nireclay 3 1 2 3 2 3 3 3 
Cl ites 2 4 5 3 1 4 | 1 4 2 3 1 2 
- 2 1 5 4 1 I 1 5 4 2 2 3 3 
Graphite 1 1 1 | 5 1 1 1 1 
/ ium oxide 1 2 1 4 1 3 2 4 4 3 2 1 3 
Z ium Silicate 1 2 1 4 1 3 2 1 4 3 2 1 3 
Relative classification: (b) This figure 3 applies to a temperature range of 800 
Very high to 1200° C. (1475 to 2200° F.); at other tempera- 
High tures a No. 2 classification applies. 
Medium 
Low 
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Fig. 4 — Bonded Silicon Carbide Is Molded and Burned Into Various Tubes, Tile, Brick, and Muffles 


certain excellent fireclay refractories, as well as 
some poor ones. Many fireclays will approach 
the andalusite group in heat resistance. 

Much information on these various prod- 
ucts and their uses has been published, but 
many times the prospective user has neither the 
time to devote to a search of the literature nor 
the facilities for looking up data which will 
assist him in making an initial approach to the 
solution of his particular problem. This chart, 
it is hoped, will give a general idea of the type 
of refractory best suited for his particular need. 
If detailed information is desired, it can best be 
obtained from the producers. 

The conditions which will determine the 
kind of refractory for a specific use may be 
listed as follows: 

1. Kind of slag present, if any. 

2. Operating temperature of furnace. 

3. Furnace operation, either continuous or 
intermittent. 

4. Furnace atmosphere, oxidizing or reducing. 

+. Heating medium employed. 

6. Heat transfer properties desired. 

7. Kind and condition of material being 
charged for treatment. 

8. Rate of production. 

%. Electrical characteristics of refractory at 
furnace temperature——-of great importance where 
electric heating is employed. 

Much might be written about each of these 
suggested subjects, but space is not available. 
We can only remark on some of the most sali- 
ent features. 


The conditions which may make the use of 
special refractories desirable are as follows: 

1. Operating temperatures are especially high. 

2. Especially high heat transfer properties 
are desired. 

3. Mechanical abrasion is severe. 

4. Chemical erosion is severe. 

5. Slag must not adhere. 

6. Contamination of melt must be avoided. 

In general, the special refractories described 
above at some length are available in at least 
four forms: Standard 9-in. series of bricks; 
special shapes, such as tubes, plates or blocks; 
ramming mixtures; and trowelling mixtures. 

Installation is a subject that is often given 
too little thought. It sometimes appears to the 
firebrick manufacturer that the user thinks all 
that is necessary on his part is to order the 
refractory, lay it up in almost any manner, and 
thereafter give it little attention or none at all. 
Then he expects satisfactory service! An) 
refractory material may readily be ruined 1 
improperly installed, or if used in a careless 


manner. 
Bricks, blocks, plates, and special shapes 
are usually made to be set up according le 


blueprint instructions. The products have }ee! 
fabricated and burned in the best possible man- 
ner by the manufacturer, and suggestion: at 
usually given in regard to the type of mo! 
be used with them. 


The success of rammed linings dep »¢s 
largely on the installation methods. Two spe 
cific examples will be given in a later arti o 
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letters 


rom 


Centrifugal Casting 


with axis vertical 


PENISTONE NEAR SHEFFIELD, ENGLAND 
To the Readers of METAL PROGRESS: 

FOREIGN CORRESPONDENCE seems to have with- 
ered down to almost nothing, and for that there 
are understandable reasons. However, METAL 
Progress comes through to us with unfailing 
regularity, and is read with as much interest as 
ever — in fact, latterly more so, since American 
journals are beginning to be occupied with 
other than technical problems which engaged 
our own attention some two years ago. Many 
of these we have solved; others have become 
so much a part of our daily routine that it takes 
us back quite a good way to hear them discussed 
elsewhere, 

At any rate, this note may revive what must 
be a diflicult feature for Tue Eprror to print, 
these days, albeit a very useful department in 
the magazine. I would like to comment on the 
article “Centrifugal Casting with Axis Vertical” 
by NarHan Janco in the April issue. It is inter- 
esting and informative, and in many ways sums 
up the present state of the art accurately. On 
the other hand, the vertical axis centrifugal 
Casing machine has not been neglected quite 
so much as he would have us believe. I should 
have thought also that the field for the hori- 
zonta’ axis machine was greater than for the 


vero! axis machine, particularly having 
regar to the economic possibilities. 


spite this and apart from the splendid 


[T] 


work of your Ford Motor Co. on vertical axis 
machines, such casting machines have been used 
in England for fairly large scale production 
for nearly 20 years. My own rather lengthy 
article in ProGress for June 1933 gave 
particulars of castings made on this type of 
machine for bronze gear blanks up to 5 ft. in 
diameter and one ton in weight. Since that 
time considerable strides have been made in 
this country on vertical axis machines with 
practically all metals and alloys, although | 
agree with Mr. Janco that the field of applica- 
tion is vet by no means fully covered. 

I would quarrel with his nomenclature 
where he describes the method in which a cen- 
tral core is used as “semi-centrifugal” casting. 
Such a description of this method would lead 
people to suppose that such were not truly cen- 
trifugally cast, which would be quite erroneous. 
The main object of centrifugal casting, as Mr. 
Janco remarks in other words, is to use centrif- 
ugal force to “feed” the casting instead of the 
more normal method of large heads and force 
of gravity. For this reason, in my opinion, any 
casting which is spun and uses centrifugal force 
to produce greater soundness is truly a centrif- 
ugal casting. “By their fruits ye shall know 
them.” Presence or absence of cores is immate- 
rial, for cores are often used for castings which 
could be cast without them (for such reasons 
as securing absolute concentricity of bores with 
outside diameters) and there is no difference 
between the metallurgical results obtained. 

Francis W. Rowe 
Chief Metallurgist 
David Brown & Sons, Ltd. 
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Dopes to Prevent Decarb 


DUNDAS, ONTARIO 
To the Readers of PRroGress: 


THe Eprror, in Crrricat Ponts in the June 
issue asks whether anyone has tried the effect 
of copper, sprayed on with a metalizing gun. 

While we have not used this for the pre- 


vention of decarburization, or soft 
skin after hardening, we have 
sprayed copper on S.A.E. 4615 
parts and carburized them in the 
pack. We found that such a coat- 
ing was only 80% effective. The 
reason is evidently that the coating 
is slightly porous and hard to 
apply evenly when parts have 
sharp corners and recesses. 

In the case of “Moly” high 
speed steel hardened from 2200° F., 


copper, melting at 1981° F 


“wet out” and protect the tools from decar- 
burization, but the tools would have to be 
ground all over afterwards to get rid of the 


copper, and that would be no fun! 
L. F. Train 
Metallurgist 


Pratt and Whitney of Canada 


Stabilization of Dimensions 
after preliminary creep 


UaGine, Savore, FRANCE 
To the Readers of MrevaL ProGress: 


In a letter in the March 1938 issue of Merar 
ProGcress I commented on an empirical formula 


of the type 
y=y+at™ + bt 


developed by J. pe Lacombe, engineer for the 
Ugine Steelworks, and intended to represent 
elongation-time curves obtained in creep tests. 
In this formula y is the recorded elongation, ¢ 
the time, y,. a, 6, m, n are coeflicients among 
which m is less than 1 (usually in the neighbor- 
hood of 0.3 to 0.5) and nis more than 1 (usually 


between 1.8 and 2.2). 


From the numerous precise verifications 
which have recently been made, but without 
attributing to this formula any essential signifi- 
cance or character, the following conclusions 


can be reached: 


First as to the significance of the early part 
of the creep test. In many cases one can justify 
its use only for distinguishing successive stages 
in a curve. The two exponential terms of the 


. would conceivably 


formula are nil only at zero time; consegy {}y 
there is no apparent difference in this re. ec 
between the beginning of the curve (not | yh 
the first few hours but even the first mi; 5) 
and its ultimate development. Increasin {he 
time of the test increases the precision the 
determinations but brings out no new charac. 
teristic in the equation which was nol cop- 

tained in it, in principle, from 


the beginning. 

The experimental curves so 
far examined show no indication 
that it is impossible to predict the 
entire curve from the initial por- 
tion. Thus it cannot justifiably he 
said that the first 25 hr. of test are 
without significance, nor that it is 
necessary to wait 25 hr. before 
establishing the correct conditions 
in a test piece. 


2. A formula of three terms is found to be 


applicable to creep curves of all steels we have 
examined, and consequently steels cannot be 
classified from the form of the curves, but only 
from the values of the coefficients. 

5. Representation of these curves by a 
parabolic form without an asymptote is incom- 
patible with the conception of a limiting load at 
which elongation tends to be arrested even as 
time goes on. 

This formula introduces the constant y 
corresponding to the beginning of an “instan- 
taneous elongation”. This instantaneous eclon- 
gation can in fact be directly observed and 
recorded provided appropriate experimental 
precautions are taken, although these are some- 
times rather difficult. 

Using the same precautions in the obser- 
vations, when the load is released after viscous 
elongation an instantaneous shortening is deter- 
mined experimentally, which is a function of 
the amount the load is released and independ- 
ent of the viscous elongation previously sus- 
tained. If the test piece is then again loaded, 
an instantaneous elongation is observed equal 
to the preceding shortening. In general if ma) 
be said that for a certain load the instantancots 
elongation observed at the beginning of the les! 
is greater than the subsequent elongatio! ind 
shortening obtained by applying or relessins 
an equal load. 

The initial instantaneous elonga! 
therefore partially elastic and partially p 
nent and may be regarded as one asp 
work hardening. 
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ese experimental facts concerning inter- 
rup) us in the creep test lead to the following 
pr al applications: 

ter partial unloading from a value F to 
av wef, the rate of elongation is less than if 
the | ad f had been applied since the beginning. 


Qne could imagine some sort of “work lhard- 
enin .” of the creep rate by viscous deformation. 
It wuld therefore be possible to set loads F 


and f at such values that the rate after partial 
loading would be very slow, and would remain 
so for a considerable length of time, thus attain- 
ing practical stabilization of dimensions under 
the residual load f. 

ALBERT PoRTEVIN 


Heat Treating Furnace 
lined with stainless sheet 


CLEVELAND, Onto 
To the Readers of Mevar ProGress: 

NATIONAL DEFENSE has so stimulated the use 
of aluminum and magnesium alloy castings, as 
well as their size and diversity, that some infor- 
mation about how we are heat treating this 
additional load of production may be generally 
interesting. This firm, the National Bronze & 
Aluminum Co., with long and extensive experi- 
ence in the sand casting of aluminum, was well 
acquainted with the necessity for proper heat 


treaiment of these alloys, and experienced in its 
practical execution. A rapidly expanding out- 
put in at least four different alloys required that 
we enlarge our heat treating facilities with fur- 
naces that have ready and scientific control of 
heat treating cycles, and positive assurance of 
uniform temperatures within the heating cham- 
ber. 

After a broad survey and thorough deliber- 
ation regarding the tvpe of furnace and fuel, 
our technical staff decided on a furnace of the 
type illustrated below, made by Despatch Oven 
Co. On its roof may be seen a gas-fired air 
heater, which employs radiant tubes. This 
installation is of the “surface” type, that is, the 
recirculating air is not in contact with or con- 
taminated by the heating flames. 

The effective heat treating chamber meas- 
ures 7 ft. wide by 8 ft. high by 15 ft. long. It has 
a potential capacity of 10,000 Ib. of aluminum 
castings per charge, with a maximum operating 
temperature of approximately 1200° F. The 
heat treating cycle varies with the different 
allovs; however, 6 hr. is required to bring fur- 
nace and charge “from cold to temperature”, 
and 12 to 18 hr. is deemed necessary “at tem- 
perature”. 

The furnace itself is somewhat unusual in 
construction. It was erected in our plant very 
quickly of panels, completely pre-fabricated in 
the maker’s shops. The walls are lined inside 
with 18-8 stainless steel, 
outside with plain car- 
bon steel sheet, and 
between is 8 in. of 
high duty insulation. 
“Through metal” is 
avoided to prevent 
channels for heat 
escape. Telescopic 
joints, panel to panel, 
allow for thermal 
expansion, vet insure a 


Furnace for Heat Treating 
Light Metal Castings. Push- 
button stick, hanging in front 
of building column at extreme 
right, controls electrically all 
motions of furnace door, car 
body, and overhead crane, 
Furnace is erected of pre-fab- 
ricated panels, lined with 
stainless steel sheet and heated 
by recirculating air (heater 
and fan on furnace roof). 
Courtesy Despatch Oven Co. 
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tight chamber. Heated air from the outside 
“firebox”, as perhaps the heater can be called, 
is distributed through dozens of ducts within 
the furnace walls and floor, and discharged 
at the velocity of a high gale into the heating 
chamber at appropriate places directly against 
the load of work. There is an adjustable slide 
damper for each discharge port. Recirculation 
ducts leading spent air to the “firebox” are built 
into the furnace — all these ducts being of 18-8. 

Since no combustion gases enter the fur- 
nace chamber proper, all types of aluminum 
alloys as well as magnesium castings can be 
properly and safely heat treated. Normally 
atmospheric air is the circulating medium, 
although a special protective atmosphere can 
also be employed. Hot air is quite suitable for 
such important alloys as No. 43 (5% Si); No. 
195 (4% Cu) used for high strength parts of 
aircraft structures; No. 355 (1.3% Cu, 5.0% Si, 
0.5% Mg) air engine crankcases; and No. 356 
(7.0% Si, 0.38% Mg) structural fittings. 

This convection furnace lends itself readily 
to uniformity of heat distribution as well as 
wide flexibility. Our tests prove that a tempera- 
ture differential of plus or minus 5° F. is con- 
sistently attained and that castings ranging in 
weight from 1 oz. to 4500 Ib. can be heat treated 
simultaneously with equally satisfactory results. 

Although of only secondary importance in 
this particular instance, the fuel cost is never- 
theless quite a significant factor. An average 
fuel consumption for a period of two months of 
scheduled operation is approximately 9000 cu.ft. 
of natural gas per net ton of charge. 

More recently, another furnace with the 
same dimensions and general construction but 
equipped with a gas-fired direct recirculating 
type of air heater has been installed and is now 
in operation. In this furnace the gas flames 
blow directly into the recirculating air, which, 
of course, gradually builds up to a constant 
small amount of the gaseous products of com- 
bustion (principally CO. and H.O). Tests reveal 
that the previously mentioned aluminum alloys 
can be heat treated with equally satisfactory 
physical properties as are being obtained in the 
first furnace; the only difference now percepti- 
ble is that alloys No. 355 and 356 have a some- 
what darker coloration. Fuel consumption per 
charge has been decreased to an indicated 7145 
cu.ft. per ton, as shown by a one-week test. 

FRANK SCHMELLER 
Plant Manager 
National Bronze & Aluminum Co. 


Controlled Atmosphere 
Generators 


MASSILLON, O 
To the Readers of METAL ProGREss: 

IN THE ARTICLE on controlled atmosp|iere 
equipment, by Messrs. SLowrer and Gonser, jn 
the May issue of Metrat ProaGress, the erroneous 
impression may have been given that the atmos- 
phere produced in the “Char-Mo” type unit was 
in true equilibrium with the carbon in the stee] 
being heat treated. It will be recalled that, in 
this furnace setting, a container of charcoal js 
placed, and through this charcoal (heated to 
the same temperature as the muffle containing 
the work) is drawn some air to produce an 
atmosphere of CO and N. having also a smal! 
amount of H. and CO... The authors state: 

“Its basic principle is that an atmosphere in 
equilibrium with carbon at a given temperature 
will be non-decarburizing (and non-oxidizing) to 
any steel at the same temperature.” 

As a matter of fact, true equilibrium exists 
only in the special instance of a steel saturated 
with carbon at the temperature of heat treat- 
ment, and this can be shown both theoretically 
and practically. An atmosphere so generated 
is always carburizing to a steel unsaturated in 
carbon (above about 1400° F.). 

The theoretical proof can be seen from a 
consideration of the equilibrium relationships 
involved. For the general reaction 

C + CO, = 2CO, 
the equilibrium constant, Ky, is defined by the 
following equation: 
Poo 
Ac Peo, 


where Peo and Peo, are the initial pressures o! 


carbon monoxide and carbon dioxide respec- 
tively, and Ag is the activity of carbon. If the 
carbon is in the pure state (as charcoal in the 
producer unit), the activity Ac is unity. If the 
carbon is in solution in the steel, however, the 
activity becomes less than unity, and is approx! 
mately proportional to the dilution, Wriling 
the constant in the form in which it is usuo!l) 
found in text books, namely 


> 


Poo 
Ky Ky: Ac Pp 

CO 2 


one can see that Ky, and therefore the pro) '' 
(Continued on page 224) 
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Crystallography of the Chemical Elements 


As Tabulated by William Hume-Rothery 
in’ The Structure of Metals and Alloys,‘ Monograph No.1, British Institute of Metals. 


Fie ins (by HC. Vacher) represent values that have appeared in the itereture fram 1936 to 1940 inclusive. 
nent Flectron Axial esc 8 
Arrangemenent Ratio | &sg S8s| 
hin in Free Atoms BS 5< & 
IS 
Group WA in Sequence 
25, Manganese 2 @=cubic (note b) 8 894 — — — — 
7-4 0.934 3774 3.526 2.582 2669 — 
25, Rhenium (EHBHIBH32)(18] 2 fe) 16148 — | 27553 | 44493 | 27349 | 27553 | 275 | — =: 
12, Chlorine 4 OANS — | 856 E12 188 (notee) — — 4 
16 ators in unit cell 
35, Bromine 7 abo-1:149:195 | 4.48 8.72 222 | ntea | — | § 
8atams in unit cel; 6-667 
53, /ooine 7 a:be=1:151:204 | 4295 | 9760 270 noted 
8atoms in unit cell; b=7255 
85, Alabamine 7 —- | — — - —|- 
Group in Periooie Sequence 
26, Iron 14] 2 286 | — 2.4772 — — 
B-0 — | 3.64 at 900°C. — 2.580 2.52 
27, Cobalt 2 @=0 1624 — | 2507 4.072 2.499 2.507 2.50 
— — | &54s 250? — 2507 | — 
28, Nickel 2 a-0 1.64 — | 249 4.08 249 2.49 | — 
44, Ruthenium [EUBNIBN{15) 1 ) 1583 — | 2698+ | 42730 | 2644 | 2698 | 267 | 8 <a 
45, Rhodium 1 a | | — | come | — | 
46, Palladium — | —| 58626 — | | — | | — 
76, Osmium 1679 — | 27298 | 45104¢ | 2670 | 2730 | 270 | 8 
78, Platinum 2 — | 359150 2.7689 — 1 — 
Rare Earth Group. 
58, Cerium a-0 162 66 | 35.65 5.91 5.63 5.65 5.64 
B-0 2 5.143 — 3.637 3637} — 
59, Praseodymium| (2092 0 1.620 6.6 3.652 5.924 3.638 5.65? 3.65 a 
60, Neodymium 2 0 1608 | 66 | 5.88 5619 | 3657 | 364 | — 
67, Holmiurn 2 1.580 6.6 | | S62ors | 3480 3552 | 
68, Erbium 2 0 1.68 6,6 | 374 6.09 373 3.74 573 | — 


Notes: (a) @ 1s body-centered cubic; 1s face-centered cubic; 0 1s close packed hexagonal; 018 orthorhombic; & 1s tetragona/ 
©) Approximates @ where each lattice point is a cluster of 29 ators; 1 type X,4 type A, 12 type Do and 12 type D;. The X atoms occupy the ee 
largest volume and the Dz the smallest. Interetornec distances of neghboring atoms are as follows: <9 ip 


X atoms have Aatoms have: De atoms have: Dh atoms heve: 
12 De at 271 1X at 282 1X at 277 lA at 2499 and 1 at 296 oe 
4A at 282 3D; at 249 and 3 at 296 2A at 269 and lat 289 1De at 245, Zat 251 and Zat 266 a ene 
3De2 at 269 and Sat 289 1Deat224 and 2 at 238 6D; at 267 Sig 


1D; at 245, 2at 25) and at 266 
omphcated structure with 20 atoms of two kinds in uit cell Each atorn of the first kind has: 


3 neighbors at 2365 
3 «2,550 
3 > 67} i 

‘ach atom of the second kind has: 2neighbors at 2530 f', 
- 

4 -© 2.659 

+ 2.67) 


A sea’ arranged in pairs so that each one has one close newhbor at a distance Oy. 
ig Suthare give 199 as the closest appraach to a neighboring atom, however, they aid not indicate clearly the space group. If the space group 18 
with 16 atoms toa unit cell and the x, Y, and parameters are 0125, 0 167 and O 102, respectively, then 


‘formic diameters for new values have been computed by following Hume-Rothery’ procedure whenever possible. 
Page 580, Metal Progress, May 1941 
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ON DEPOSIT... 


...a@ fund of information 


A source of comfort and strength in times of personal emergency : 
are the funds put away over the years. To the metal working industries, 
at a time like the present, the fund of information on Nickel Alloys 


accumulated by our technical staff can also be a source of help and satisfaction. 
The facts and data thus available are the natural product of wide = 
experience in the solution of problems involving the use of Nickel ar | its a, 
alloys. Our helpful literature may well be of real assistance to you 

because it deals with the selection, fabrication and use of these materials. 


You are also offered the assistance of our technical staff in solving 
material problems arising from a temporary lack of Nickel. 

We suggest that you drop us a line asking for a list of available 
literature. Your request for the assistance of our technical staff 
will receive prompt attention. 


NICKEL 


THE INTERNATIONAL NICKEL COMPANY, INC. 
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Fig. 1 Fatigue Failure of Arch Bar Originating in Three Punch Marks 


im track 


— cars 


AILROAD LABORATORIES frequently 

encounter problems peculiar to the rail- 
road business, but usually their solution lies in 
the application of general principles of engi- 
neering design, mechanics, and metallurgy. For 
example, the use of the microscope, chemistry, 
physical tests, and photo-elastic study, are sufti- 
cient tools to aid in the study of most failures. 


Material failures in general are due to any one 


or combination of the following factors: Poor 
desion, defective material, improper applica- 
ion. faulty fabrication, and abuse in service. 
t lowing examples from the Rio Grande 
L ‘tory files illustrate the application of 


principles. 


By Ray McBrian 
Engineer of Tests 

and P. A. Archibald 
Metallurgist 

Denver and Rio Grande Western R. R 


Denver, Colo 


Arch Bar Failure 


Figure 1 is the fracture of an arch bar which 
failed and caused an expensive derailment. 
This part is a component of the side frame of a 
car truck; it is a stout rectangular bar, bent into 
a “U” shape so that it passes over and under the 
wheel bearings and spring housings to transmit 
the loads from springs to axles. In service the 
bar is subjected to a bending moment and axial 
tension; normally there is litthe or no torsion. 

Only a casual inspection of the fracture 
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was necessary to show that failure was caused 


by a fatigue crack, the result of three separate Joint Bar Failure 

fatigue cracks originating at dents in the sur- 

face. These dents proved to be prick-punch The second figure is a photograph © {he 
marks put there by the blacksmith to mark the upper contact surface of a joint bar (or «lice 
location for the bend when the arch bar was bar) showing a transverse crack outlined with 
heated and formed into its “U” shape. These white magnaflux powder. 

marks, clearly seen in the engraving at the head As is well known, joint bars are used jp 
of this article, were stress raisers and were pairs, one on each side of the rail joint, and are 


located in a highly stressed area. 
The resulting concentration of 
stress at these three points 
exceeded the endurance limit of 
the bar and a disastrous fatigue 
failure resulted. 


Fig. 2 (below) Cracks in Joint Bar 
Outlined by White Magnaflux Powder 


Fig. 3—- Assembly at Rail Joint Showing Two Joint Bars Broken 
Places Marked by Rusty Fatigue Cracks Starting at Upper Contacts 
strongly bolted together to hold the ends of adjoining 
Ee eA” rails in line and also to support the joint against its 
lateral and vertical loads. 
Figure 3 is a photograph of a rail joint assembly 
showing two similarly cracked bars with the cracks al 
99 the contact surface as they occur in service. 
Photo-elastic study showed that the intended surface 
contact between under side of rail head and upper side 
BS of joint bar was not easily obtained. Actually the bear- 
ing, each to each, was more like line contact than surface 
contact, and there existed an extremely high con- 
centration of stress at the line of contact when a car 0! 
engine wheel passed from one rail to the next. Micro- 
scopic examination of samples from a large number o! of 
bars disclosed various amounts of decarburization «| th by 
contact surface. Figure 4 is a photomicrograph al 10! 
diameters showing a crack extending through one 0! of 
these decarburized surfaces. The curvature of the crack e\ 
is due in part to the flow of metal at the surface |°om fr 
the gouging action of the rail end as the joint | °xes re 
under wheel loads. Fj 
Fig. 4— Fatigue Crack Extending Through Failure of these joint bars was therefore — = ‘ 
3 Decarburized Surface of Joint Bar.  Pol- to faulty design and surface decarburization. The 0!!! 
< ished, etched and magnified 100 diameters was not designed so as to provide the proper co (a! th 
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this resulted in a strong 


sur! 

yer tration of stress. Decar- 
bur on of the steel at the sur- 
fact ant that the material was 
wei at the point subjected to 


the est load. A new contour 
has . en designed for the splice 
bars vat insures (almost forces) 
assem oly in track so there is gen- 
erous bearing between rail and 
splice bar, and a specific load that 
is $a 

(he problem of decarburized 
surface on commercial steel arti- 
cles is by no means confined to the 
railroad purchases, and is as yet 
unsolved. Crown sheet failures 
and broken staybolts have become 
epidemic, and one associated cause 
is that the steels, as received from 
the mills, always have a thin decar- 
burized (weak) surface. 


Fig. 5 End Broken From Car Axle; Fracture Was 


Below: Microstructure of “Burned” Metal Near Journal Surface 


Y 


Fig. 6 Unetched 


Axle Failure 


igure 5 is a photograph of the end, broken 
off an axle. The failure was in the journal (or 
bearing) just beyond the wheel seat. 

‘he broken section had every appearance 
of having been extremely hot but there was no 


evid ‘ec of a fatigue crack or defect. Samples 
irom the axle examined on the microscope to the actual stresses. 
reve da “burned” structure reproduced in 
Fig inetched, and Fig. 7, etched in nital, at 
neters, 

Ss structure gave indisputable proof that tions must be made. 
the nal had become severely overheated, as 


Fig. 7 Etched With Nital 


was suspected by the 
appearance of the jour- 
nal’s surface. At the high 
temperature the steel had 
low physical properties 
and the normal bending 
and torsional stresses 
were sufficient to twist it 
off. This failure resulted 
from a “hot box”. 

This case emphasizes 
the seriousness of bear- 
ing failures. One might 
not suspect that sufficient 
heat could be generated 
in such a friction bearing 
as to actually “burn” the 
steel. 


The maximum benefits from investigations 


of this kind are derived only when they are fol- 


lowed up with appropriate steps to prevent a 
recurrence, When design is under suspicion 


the investigation should be supplemented with 


stress measurements or photo-elastic study, in 
order to devise a new shape which will dis- 
tribute the load-carrying capacity with respect 


If the material lacks 


suflicient strength, stronger materials must be 
sought. If the failure is due to faulty fabrica- 


tion or unnecessary abuse the necessary correc- 
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practice 


DEFINITION of “annealing” occupies 

almost a page in the authoritative @ Metals 
Handbook starting out with this: “A heating 
and cooiing operation implying usually a rela- 
tively slow cooling.” It is obviously a compre- 
hensive term, and in practice is usually applied 
to operations intended to soften the metal. Usu- 
ally this is the result of a partial or complete 
recrystallization. In this paper the several ordi- 
nary types of annealing heat treatments as 
applied to high nickel alloys will first be 
described, and then some general notes on the 
correct shop practices appended. 


Soft Annealing 


Metals and allovs which have been hard- 
ened by cold working operations, such as rolling, 
deep drawing, spinning, severe bending, and the 
like, require softening before cold working can 
be continued. The thermal treatment which 
will produce this condition is known as “anneal- 
ing” or “soft annealing”. Soft annealing can 
either be done with the work exposed to the 
furnace atmosphere, when it is known as “open 
annealing”, or enclosed in protective boxes, 
“closed annealing” or “box annealing”. In any 
event the atmosphere should be free of harmful 
sulphur, and oxidation kept at a minimum. 
Means for achieving both these objectives will 


be discussed later. 
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ALING MONEL 


By Technical Service Division 
The International Nickel Co., Inc. 
New rk City 


Open Annealing — Relationships between 
temperature and time for open annealing are 
shown in Fig. 1 and 2 for Monel metal. 
Monel and “R” Monel require the same tempera- 
ture as Monel. However, “K” Monel is a pre- 
cipitation hardening alloy and must be cooled 
rapidly (quenched) after annealing if maxi- 
mum softness and subsequent response to age 


hk” 


hardening are desired. Details of this treatment 
will not be discussed in this article. (The names 
Monel, “K” Monel, “R” Monel, and Incene! are 
registered in the U.S. Patent Office.) 

Figures 1 and 2 apply to single pieces ol 
material in the furnace. If pieces are stacked 
or are shadowed by other pieces, this must b« 
allowed for in determining both the time th 
work should remain in the furnace and thi 
annealing temperature, in order to ayoid 4 
coarse-grained structure, 

For example, a single piece of hard Monel 
metal sheet must be annealed to Rockwell 1-% 
so as to be suitable for further spinning oper 
tions. The furnace temperature available ' 
1600° F. The 1600° F. curve in Fig. 1 shows tha! 
this degree of softness can be obtained in | min 


Kockwell "B* Haraness 


at temperature. Figure 2 shows further that tl 
a 
um 


time must not be allowed to exceed 9 m 
fine grain is necessary, or 17 min. if am 
grain is desired. 

The material to be annealed is hee’ ¢ 4 


the selected temperature, and protectec (for 
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oxid 

fuel 

duce ito an electric fur 
shot be “at temperature” 


is ¢ sed into it. 


ing 
adius cd to give optimum combustion, but 
before charging, the air supply should be 


reduced to give the excess of reducing gases 
required. Also, the top vents or dampers should 
be closed wholly or partially to give a positive 
vas pressure over the hearth and thereby pre- 


vent infiltration of air. 


un by the products of combustion in a 
| furnace, or by a reducing gas intro- 
The furnace 


hace, 


before 
During preliminary heat- 
, fuel-fired furnace, the burners may be 


tance. 
the work 


duced 
adversely. 


thereby 


would 


Therefore, it should be used only for those few 
purposes for which grain size is of little impor- 


Articles for drawing and spinning opera- 
tions, and the like, never should be annealed 
dead-soft since this will produce a coarse grain. 
Heavy plate sections and thick-walled tubing 
that are required only to negotiate certain bend- 
ing operations may be annealed dead-soft to 
facilitate working because the coarse grain pro- 


not affect service 


Some classes of work, particularly pieces 100 
for spinning, call for softer annealing than 2 
others. The more severe the nature of the sub- S 40 | 
sequent cold working the longer must be the 2 400% 
time at temperature. Periods ranging from 5 to & | 
10 min. at 1600° F., to 1 to 4 min. at 1800° F., are i 
sufliciently broad to provide a satisfactory lati- 1800 °F. | 1500 F 
tude in handling the work in and out of the fur- & 
nace. The shorter periods do not yield full “ 5 10 5 20 25 30 
softness but will condition the metal for opera- Time at Temperature, Min 
‘h as ¢.pping, 
ad suc h as J pping Fig. 1, above Relations 
drawing, stamping and R } | i Between Time and Tem- 
the like. Se \. perature Necessary to 
When the high nickel x 
materials are annealed at = © 
higher temperatures and + 
for longer periods than 
those recommended, a RIS 
condition commonly RES 
described as “dead-soft” eS 
| lead-soft S| 
is obtained. Hardness 
numbers will then be 10 to me 
20°. lower than those for “ g§ Fig. 2, at left — Anneal- 
the f ing a 7 ‘ 
soft’ condition. 1400 Soften Cold-Worked 
cannot be accomplished S Monel Very Quickly (as 
without increasing the S } | Shown in Fig. 1); Long 
grain size of the material. 5 10 5 20 25 30 Times Must Be Avoided 
Open Annealing Time to Produce Soft Temper, Minutes to Prevent Grain Growth 
4 Closed (box) annealing requires more time 
S than open annealing because of the lower tem- 
| 
1 1400%) peratur es used ; temperature ¢ ontrol is there fore 
S , less critical. The heavy container itself must be 
heated to a slightly higher temperature than 
8 1800 | 700% | IGOO% | SOO that required for the work, so that the amount 
of fuel required, the heating time and the cost 
. | are greater than in open annealing. Conse- 
10 IS £0 30 quently, box annealing is usually limited to 
Time at Temperature, Min. 
Fi “Ke ; : small pressed parts, rivets, coiled wire and simi- 
Monel Hardens Somewhat Higher on 
( rk Thon Regular Monel, and Its Softness lar work because of greater ease in handling in 


vropriate Heatings Is Correspondingly Higher 


quantity. 
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(A) 200%. 20 % Cold Reduction 
(B) 1200F, 40% 
(C) 400%, 20% 


(D) 1400°F, 40% 


(E) 1600%F, 20% 
90% 
9 
< A 
& 
2 
60 
0.003 
8 
0.002 
S 
2007 ; 
| (A) and (B) | 
: || 
O | | 
0 2 4 6 8 10 le 
Time of Annéal, Hours 
Fig. 4-— Approximate Time Required for 


Closed Annealing at Various Temperatures 
to Produce Different Grain Sizes and 
Degrees of Softness in Cold-Worked Monel 


Monel, box annealed in the temperature 
range between 1600 to 1750° F., would ordi- 
narily result in a coarse grain; from 1450 to 
1600° a medium grain; from 1300 to 1450° a 
fine grain. Lower temperatures and long 
times would also give some softening effects. 
In all cases the time and temperature are 
interrelated with the previous degree of 
cold work, as shown in Fig. 4. 


Temper Annealing 
(or partial annealing) 


The process of heating a hardened metal 
or alloy at a temperature and for a period 
sufficient merely to soften it partially is 
defined as “temper annealing”, “semi- 
annealing” or “partial annealing”. 

The practice is limited to light sections 

usually strip and wire. It has value for 
operations where fully annealed material is 
not required. Any method of annealing may 
be used, although the continuous method is 
best suited. Careful regulation of the time 
at temperature is essential. As an example 
a cold-drawn Monel rod, B-100 hard with 
20° elongation, will be B-91 hard and have 


37° elongation after 3 hr. at 1110° F. 
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Stress Equalizing 


Cold-worked and hot-worked alloys rec ye 4 
low temperature heat treatment to develop th, opti- 
mum combination of strength and ductility, | 4d {o 
prevent distortion and warping upon subs: yent 


machining. The proper temperature depends upon 
the nature of the preliminary fabrication or work. 
ing; hot-worked material requires a higher tem- 
perature than cold-worked. 
The optimum temperature is about 525 (o 575 
F. for cold-worked Monel. Long exposures ai these 
temperatures are not harmful. For instance, the 
10,000-psi. proportional limit of a 1-in. rod, cold 
drawn 20%, was increased to 82,000 psi. by heat- 
ing at 525° F. for 1 hr. This figure stayed as high 
as 80,000 psi. after a 16-hr. heating. 
Monel and “K” Monel springs are made from 
heavily cold-drawn wire or cold-rolled strip. They 
should be stress equalized after coiling. The pre- 
ferred annealing treatment is 1 hr. at 650° F. 
For hot-rolled *4-in. Monel plate the opti- 
mum stress equalizing temperature is from 1000 to 
1100° F. 
Special Methods 
Torch Annealing —Some large equipment is 
hardened locally by the fabricating operations. Ii 
the available annealing furnace is too small to hold 
the work, the hardened sections can be annealed 
with the flames of oil torches or oxy-acetylen¢ 
blowpipes which have been adjusted so as to b 
highly reducing. This method is not a good one for 
general use because it gives irregular and _ insuf- 
ficient annealing, with heavily oxidized surfaces. 
Heating must be gradual. Use temporary brick 
construction to localize the heat. The work should 
be warmed gently at first, with sweeping motions 
of the torch, and should not be brought to the 
annealing temperature until preheated suflicientl) 
to prevent cracking when the stresses are suddenly 
and perhaps unevenly released. 
Salt bath annealing is used for small parts. 
Inorganic salts, such as chlorides and carbonates 0! 
sodium and potassium, which are relatively stable 
at temperatures considerably above their respec 
tive melting points, are melted or fused in large 
metallic containers by any convenient source of 
heat. Steel pots are satisfactory contain 
salts operating at temperatures up to about ! 
At higher temperatures heat resisting 
chromium-iron alloy pots should be used. 
sive fuming of the bath is an indication 
maximum usable temperature. 
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ticular care must be exercised initially 


to 1 ve all traces of sulphur from the fused 
salt d thereby prevent embrittlement of the 
higl ‘kel alloys. This may be accomplished 
in 2) 3 hr. by adding a small amount of a 75:25 
mix ‘by volume of powdered borax and pow- 
der ‘harcoal. If small test pieces of Monel 
strip or wire are not embrittled after 3 or 4 hr. 
in the purified salt bath, the desulphurizing 
treatment has been successful. 


‘he material to be annealed is placed in the 
molicn bath and absorbs heat rapidly. The work 
is quenched in water to free it from particles of 
salt. It will not be bright and must be flash 
pickled, Salt mixtures may be formulated 
according to @ Metals Handbook, page 317, or 
(better) purchased from a manufacturer of 
heat treating supplies. 

Electrical resistance annealing is also a 
special method wherein an electric current is 
passed through the material to be annealed, 
which acts as a resistor and is heated rapidly. 

The method has seldom been satisfactory. 
Temperature control is difficult unless the mate- 
rial is uniform in size and it is extremely diffi- 
cull to provide a suitable reducing atmosphere 
for bright annealing. The resuits are irregular. 


Bright Annealing 


Hot metals and alloys will not become oxi- 
dized in an atmosphere that is free from uncom- 


bined oxygen and gaseous compounds of oxy- 
gen. If the gases are such as to abstract oxygen 
from any solid oxides they come in contact with, 
itis a “reducing” atmosphere. The maintenance 
of an oxygen-free, or reducing, atmosphere dur- 
ing annealing and subsequent cooling may be 
effected as follows: 

1. By regulating the fuel and air supplies 
so as to secure incomplete combustion. 

2. By introducing a reducing gas, such as 
hydrogen or carbon monoxide, or a mixture of 
a reducing gas and an inert gas, such as hydro- 
gen and nitrogen, into the combustion chamber. 

3. By having some incandescent charcoal 
in the furnace. (Charcoal always should be 
pre-baked for 3 hr. at 1200 to 1500° F. to elimi- 
nate adsorbed moisture and carbon dioxide.) 

Bright annealing eliminates subsequent 
pickling or grinding. For that reason it is used 
generally for non-ferrous materials. 

Monel and high nickel alloys (except 
Inconel, which contains chromium) differ from 
steel in that they can be bright annealed in 
reducing atmospheres containing appreciable 
amounts of water vapor and carbon dioxide. 

Theoretically, open annealing can also be 
bright annealing, and if this is attempted, extra 
attention must be given to the fuel. High nickel 
alloys are sensitive to attack by sulphur at 
annealing temperatures and more so in reducing 
than in oxidizing atmospheres. 

Natural gas (sulphur-free), hydrocarbons 


eavy Work Is to Be Done on Sheet Metal (as in Spinning These Deep Cups From a Round Disk) it Is 
iscuss the Work With the Sheet Manufacturer so he Can Supply Metal of Proper Grain Size and Temper 
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such as methane, propane, butane, are ideal 
sources of heat, as well as electricity. 

City gas, light distillate oils and other liquid 
or gaseous fuels having 0.5'¢ maximum sulphur 
are suitable fuels when provisions are made in 
the design and construction of the furnace to 
effect complete combustion before the hot gases 
strike the metal. City gases usually contain less 
than 0.1% of sulphur, but it may vary from day 
to day so that frequent tests are necessary. 

Fuel oils, coal or coke, which contain more 
than 0.5 sulphur, are not suitable fuels except 
when the material that is being annealed is pro- 
tected completely from contact with the prod- 
ucts of combustion. This limits such fuels to 
box or pot annealing or to a source of heat for 
molten salt or molten metal baths. 


Atmospheres 


The required degree of control of the fur- 
nace atmosphere will depend upon the results 
desired. Naturally, bright annealing can be 
done only in the absence of all oxidizing influ- 
ences. On the other hand, a superficial tarnish 
or oxide coating is often permissible, as for parts 
that are to be polished after annealing, or that 


Reaucing valve 


Sod Use Only if 
Sulphur Present Excess 
Pressure Oxygen 
Gage Sulphur Cracker Removal 
Removal 


700° Copper Chips 
Oxide to 1750 F 1250 oF 
at Room | 
Temp. Air (Not Ordinarily Used 
with Ammoma) 
J 
Not Required for Cylinder Hydrogen 
Gas Tank or Supply Line 


do not require a perfectly clean surface for sub- 
sequent fabricating operations. 

Regardless of the use to which the finished 
articles are to be put, high nickel alloys should 
never be annealed in a strongly oxidizing atmos- 
phere. Heavy oxide coating may harm the 
underlying material even though the oxide is 
removed by grinding or pickling. 

Suitable atmospheres for bright annealing 
include hydrogen, cracked ammonia, nitrogen, 
cracked and sulphur-free natural or city gas, 
cracked hydrocarbons, or a generated atmos- 
phere containing some combination of carbon 
monoxide, carbon dioxide, hydrogen, nitrogen 


and hydrocarbons. Propane or butane uld 
not be used unless the formation of soot he 
prevented or unless the soot is filtered o, 

Sulphur occurs usually in manufa  ired 
gases as hydrogen sulphide and occasion: \y as 
carbon disulphide. The former can be rey oye 
by passing the gas through a series of |oxes 
containing a mixture of hydrated iron oxide and 
shavings. Removal of carbon disulphide is more 
difficult and requires hydrogenation to hydrogen 
sulphide and removal as above. 

Since prepared atmospheres are expensive 
they are usually confined inside boxes or other 
containers with the hot work to be protected. 

For perfectly bright annealing, dry lhydro- 
gen is the most desirable atmosphere. Cracked 
and dried ammonia also is suitable. Hydrogen 
gas and liquid ammonia, supplied in cylinders, 
should be of the purest commercial grade avail- 
able. The gas line from the cylinder should 
contain a reducing valve of good sensitivity for 
accurate regulation of the flow. 

Traces of oxygen can be removed from 
hydrogen by passing the gas through copper 
chips, heated externally to 1250° F. The copper 
will act as a catalyst to combine the oxygen with 
an equivalent amount of hydrogen to form water 


Fig. 5 Diagram of Equipment for Purifying 
Gas Atmospheres Used for Bright Annealing 


Use Coil or 
Water Jacket 
if Necessary Removal Dryer 
ful er 
Gas Iniet te 
7 
Use Only with Generated ly if 
Cool Gas or Cracked Hyaro- Use Only 


Soot Present 


carbons. May Substitute 
Use of Charcoal in Cracker Alumina, 
or in Ges Generator Silica Gel, 
Calcium Chloride 
or Calcium Gorbide 


vapor that can then be removed, along will an) 
water vapor originally contained in the gas. 

If ammonia is being used, either the crack- 
ing or the removal of oxygen may be carried 
out first. Ammonia will “crack” or break dow! 
into its components, hydrogen nilroge?. 
when passing through a pipe externally heated 
to 1750° F. Commercial equipment tor s% 
cracking is available. 


Since the flow of gas will be very slow, th 
connecting pipe from the heater to the ‘rye! 
usually will suffice to act as a cooling coil 

yack 


Should this be insuflicient to bring the go 


to room temperature, a coil may be inse! ni 
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the lit rv the line may be water jacketed. 
Fo (rying, the gas can be passed through 
actival’ alumina, silica gel, calcium chloride 
othe «6drying agents. The use of calcium 
-arbid. is rather undesirable when large 
amoul ff moisture are to be removed, since 
‘he resulting acetylene would deposit soot on 
the ch Clean hydrogen should never come 
» contact with rusted pipe lines, else water 
vapor Will form. 
Fig Diagram of Annealing Box Assembly 
lop - 
y Hose Connection, 
| Locate 1 


Thermocouple 
for Average Resoing 


\ UTube > 
Manometer 


Outlet Ti Lang Enough 
1] Base ~ _— to Reach Outsie 
furnace 
* inlet Tube from Gas Supply 


Annealing Boxes 


Annealing boxes may be made of steel, cast 
ron or preferably of a heat resisting alloy. A 
vide variety of shapes and sizes are used. 
Welded steel boxes usually are cylindrical in 
siape, with height equal to, or slightly greater 
‘han, the diameter. To secure more uniform 
ind rapid heating, boxes should have a center 
llue half the diameter of the box, and placed on 
ails so as to provide good circulation of hot 
sases. Another good box has a flat, flanged 
vottom, on which the work is stacked, and an 
iverted cover or bell. This is often described 
isan “upside down” pot. 

A tightly closed, electrically heated furnace 
nay be looked upon as an annealing box, but 
rdinarily the work is stacked loosely in a movy- 
ible container, the container sealed and put into 
‘furnace for heating. A suitable thermocouple 
‘ould be located about in the center of the 
harge, and led outside through gas-tight joints. 

After the work has been charged, the boxes 
‘iould be luted with fireclay or sealed with sand 
' other suitable refractory material. A small 
lantity of prebaked charcoal should be placed 


side al points where air could enter. 

Having a source of clean, dry, oxygen-free 
iydrog cracked ammonia, or other suitable 
me mn of gases, and having eliminated 
possib] 


rmation of water vapor within the 


\ 
All Commections 


equipment, it is necessary to insure thorough 
purging of air and other undesirable gases from 
the heating box (or furnace chamber, if it is to 
be used as a box for bright annealing). Purge 
the container well before heating, to avoid 
explosive mixtures of gas with residual air, 

Boxes can be safely and completely purged 
by the following steps: 

1. Place the charge in the box, allowing 
ample space for the circulation of gas between 
the parts. See that the thermocouple is located 
properly in the middle of the mass. 

2. Turn on the prepared atmosphere 
through the inlet tube. This tube ordinarily 
will extend into the box and have its end 
above the top of the load, as shown in Fig. 
6. Light this flowing gas. Adjust the gas 
pressure for a flame of about 14.5 in.; the 
flame will then burn against the top of the 
box. 

3. Place the cover on the box and seal 
it thoroughly with sand or clay. The outlet 
tube at the bottom of the box should be left 

open, so hot air and products of combustion 
can escape. 

1. When air has been removed completely, 
the flame will go out. This will become apparent 
by the fact that the hot spot on the box cover 
will cool. 

5. Connect a manometer to the outlet with- 
out interrupting the flow of gas. The flow 
should then be regulated so that the manometer 
will indicate a positive box pressure of not less 
than 0.2 in. of water. Under this condition there 
will be a slow escape of gas bubbles through 
the water in the manometer tube. 

6. The box may then be placed in the fur- 
nace and the annealing operation carried out. 

An alternative method of regulating the 
pressure in the box is to light the gas escaping 
from the outlet tube instead of connecting it to 
the manometer. It will be necessary to have a 
flame of 1 to 2 in. in length and, in order to 
avoid wasting gas, the end of the line should be 
constricted by an orifice. This method is less 
reliable than the manometer method. 

Reducing gas is continued in the box on 
withdrawing it from the furnace, or on shutting 
off the burners, else the cooling gas inside, on 
contracting, will create a partial vacuum and 
suck air through the seals. Following annealing 
the flow of gas should be regulated so as to 
maintain a positive pressure within the box; 
the gas, if it is combustible, will burn gently at 
all outlets. (Continued on page 228) 
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HE SEVENTH progress report on fissures 

in rail presents a summary of ten years of 
research work conducted by the Engineering 
Experiment Station of the University of Illinois 
in cooperation with the manufacturers of steel 
rails and the Association of American Railroads 
in an attempt to determine the causes of trans- 
verse fissures in railroad rails and the methods 
of preventing this type of failure. This report 
is published in the 1941 Proceedings of the 
American Railway Engineering Association, and 
in Reprint No. 21 by the Engineering Experi- 
ment Station of the University of Illinois, 
Urbana. Summaries of the work have been 
published in Mera Progress in 1935, 1936 and 
1937 ov Prof. H. F. Moore, who has been super- 
vising these researches. 

The problem of internal transverse fissures 
had been prominently before rail makers and 
rail users since 1911, when a wreck on_ the 
Lehigh Valley railroad, ascribed to this cause, 
resulted in the death of 29 and the injury of 62 
people. Despite study by both railroads and 
steel men, little real progress had been made in 
15 vears in the understanding and control of 
the defect, as may be inferred from the fact 
that an even more serious and distressing acci- 
dent from the same cause occurred in 1925 on 
the St. Louis and San Francisco Ry. 

However, Waning and HoraMMANN had dis- 
covered in 1919 that some rails (both new and 
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By Thomas J. Dolan 
Assistant Pr. fessor 
Theoretical and Applied Mechar 
Talbot | be ra 


from the track) contained internal “shatte 
cracks”, discoverable on longitudinal sections 
after deep etching. Prior to the inception of th: 
studies at Urbana in 1931 and in the studies 
there, a great deal of evidence has been accume- 
lated indicating that shatter cracks produced i! 
the steel during the manufacturing process ar 
the major cause of transverse fissures in rails 
in service. These very small shatter cracks 
occasionally found in railroad rails apparent) 
are the same as, or at least very similar to, th 
widely discussed “flakes” sometimes found 1 
alloy steel and heavy forgings. In some instances 
shatter cracks have also led to compound tis 
sures and horizontal split heads in the ra 
However, any other internal “stress raisers” 
the head of the rail, such as large slag inclusions 
or blow-holes, may be equally effective in star 
ing interior progressive fractures. 

Although tests in the laboratory, made ) 
rolling a heavily loaded wheel over a shor 
length of rail, indicate that wheel loads in exces 
of 40,000 Ib. are necessary to produce typit® 
transverse fissures in shatter-cracked railroa’ 

carry: 
ing heavy travel have shown that from ').1' ' 
0.3% of the wheel loads in service actually 


rail, extensive field tests on four railroa 


exceed this value. Therefore, considers 
has been devoted to several possible m ods 0! 
non-destructive testing that could b sed | 
detect shatter cracks in new rails, and |» stud) 
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hods of preventing the formation of 
shatt. cracks in the steel during the manufac- 
urine process. However, the numerous elec- 


ing 


trical, mechanical, and acoustical tests which 
have cen tried have not yielded satisfactory 
resull. in differentiating shatter-cracked rails 
from sound rails. (Such non-destructive tests 
are designed to measure or detect an increased 
loss or redistribution of energy produced by the 
small discontinuities in the steel. Evidently the 
jotal amount of energy lost around the micro- 
scopic shatter cracks is so small that varia- 
tions in this energy are masked by variations 
of energy absorption in the vastly larger masses 
of sound steel in the rail.) 

Since it seems impossible to distinguish 
between shatter-cracked and sound rails, it is 
doubly imperative to discover the causes of 
shatter cracks and a means of correcting these 
causes. One fruitful theory about the forma- 
tion of shatter cracks is that hydrogen dissolved 
in the molten steel tends to escape rapidly from 
the solidified steel upon fast cooling, collects in 
certain deep seated regions and develops suf- 
liciently high internal forces to shatter the steel. 


This, if true, would indicate that slower rates 
of cooling might allow most of the hydrogen to 
escape to the outside air gradually at the higher 
temperatures, and a steel completely free from 
shatter cracks could be obtained under condi- 
tions of slow cooling. Controlled cooling (sug- 
gested seriously at least 13 years ago) now 
seems to offer the simplest solution of the prob- 
lem of preventing cracking, and further experi- 
ments made to determine the optimum practical 
cooling conditions for rails have shown that 
appropriate rates of cooling can be maintained 
in commercial practice. 

Though hydrogen may not be the only 
cause contributing to the formation of cracks, 
shatter cracks or flakes have been produced in 
sound steel by hydrogen treatment. It has been 
found, for instance, that treating an ingot by 
bubbling hydrogen through the molten steel is 
a very effective means of insuring a large num- 
ber of shatter cracks in rails cooled on a hot 
bed. Hence, the controlled cooling tests were 
made on ingots treated with hyrogen on the 
assumption that a cooling process which will 
prevent the very severe cracking found in 


152-Lb. Rail in Pennsylvania Railroad Track, (Photograph by P. L. Mahaffey.) 
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air-cooled hydrogen-treated rails will also be 
effective in preventing shatter cracks in rails 
produced from normal steel. Surprisingly 
enough, shatter cracks actually form at or 
below a temperature of 300° F., but the rate of 
cooling at temperatures above that range deter- 
mines whether the cracks occur. 

In the normal operation of most of the com- 
mercial processes installed in the steel mills for 
controlled cooling, no evidence of shatter cracks 
has been found for rails placed in the insulated 
cooling containers at temperatures of 700° F. or 
higher, provided the fastest cooling rail did not 
cool from 700° to 300° F. in less than 7 hr. As an 
aid to hastening the cooling process to room 
temperature, the lid may be removed from the 
container 12 hr. after it has been put in place, 
and the rails will not develop shatter cracks if 
the conditions of slow cooling at the higher tem- 
peratures are fulfilled. It has also been found 
possible to prevent cracking of hydrogen-treated 
rails by holding the steel at temperatures of 
1100° F. for 3 hr., or at 900° F. for 4 hr., which, 
even though followed by fast cooling to freezing 
temperatures, does not produce internal cracks. 

An indication of the commercial value of 
controlled cooling of rails is given by the fact 
that of 3,000,000 tons of controlled-cooled rail 
in service, only three transverse fissures and 
one split head have been reported. (In 1929, 
W. C. Cusnine of the Pennsylvania Railroad 
estimated that there had been one transverse 
fissure failure to every 3300 rails in service. On 
that basis, the 3,000,000 tons recently made 
should have contained about 1300 fissures - 
certainly enough to have given unmistakable 
evidence of their presence.) Of these four fail- 
ures actually reported, three were found to 
have started at large slag inclusions and the 
fourth at a blow-hole in the head of the rail. 
All four of these defective rails were free from 
shatter cracks. 

Consequently, controlled cooling so far 
seems to be a very effective inhibitor of shat- 
ter cracks and may be expected to reduce very 
greatly the number of transverse fissure failures 
per year, as the ratio of controlled-cooled rail 
to total rail in service increases. Nevertheless, 
controlled cooling will obviously not prevent 
failures starting from wheel burns or metallur- 
gical defects such as slivers and slag inclusions 
in the rail. 

The mechanical properties of rail steel, 
both in the hot-rolled and heat treated condi- 
tion, have received considerable attention not 
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only in relation to the great reduction in | 
strength caused by the presence of 
cracks but to the practice of end-hard> jing 
rails to resist batter. Above a Rockwell ha: yess 
of C-48 to 52, a very abrupt drop in strength, 
ductility, and toughness of the end-har dened 
‘ail steel occurs, whereas rolling load and sery- 
ice tests indicate that hardnesses below [ock- 
well C-35 result in excessive wear and |atter. 
Briefly, then, the limits of hardness for com- 
mercial hardening treatments seem to be set on 
the high side at C-45 (Brinell 415) by tough- 
ness considerations, and on the low side aj 
C-35 (Brinell 320) by batter and wear consid- 
erations. 

It is encouraging to find that the heat 
treatment of rail steel produces two beneficial 
results, namely: Strength and toughness are 
much improved over those of the as-rolled 
steel, and the harmful effects produced on the 
mechanical properties of the steel by a drop of 
temperature from +70° F. to —70° F. are much 
smaller for the heat treated than for the hot- 
rolled rail. Similarly, the properly end-hard- 
ened steel has better toughness properties to 
resist rolling and cold working, both at room 
temperatures and at low temperatures, than 
does the as-rolled steel. 

In formulating standards for acceptance 
tests of rails, the slow bend test of a beam with 
the rail head in tension yields more definite 
indications of the strength, ductility and energy 
absorbing capacity of a rail than the old stand- 


ard drop test. Arrangements have _ therefore 
been made for the test party at the University 
of Illinois to make a further comparison of 
these two types of test and to draw up a sel 
of detailed specifications for a standard bend 
test. A set of standard specifications is also 
being formulated for the proper times, tem- 
peratures, and details of practice to be followed 
in the controlled-cooling process for the preven- 


tion of shatter cracks. § 
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My sustness is not as usual—not _— about the first thing it calls for is 


by a iong sight. more telephones. ‘“‘THE TELEPHONE HOUR’ IS 
| allv h ak | le } Ils BROADCAST EVERY MONDAY. 
it usually have 600 or more t takes a lot of telephone calls to N.B.C. RED NETWORK, 8 P.M., 
new Army and Navy and defense make a tank or an airplane or a EASTERN DAYLIGHT SAVING TIME.) 
plants to equip completely and cargo ship. 
quickly, When a country goes all out to 
\nd | don’t usually have the rush produce, it uses plenty of telephone 
less Ww rery rice. We are all out for defense 
7 that comes when every service. We are ull out for de ense BELL TELEPHONE 
7 is working on defense. too—doing our best to keep ahead of SYSTEM 


a country starts to hurry, the job. 
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PERSONALS 


Earle W. Gard @ is in charge 


of process and engineering de- 
sign, Bechtel - McCone - Parsons, 


Los Angeles. 


Eugene F. Ralston @ is now 


employed in the openhearth met- 
allurgical department, Jones & 
Laughlin Steel Corp., Pittsburgh. 


Transferred by Westinghouse 
Electric & Mfg. Co.: S. W. Chant- 
ler ©, from superintendent of 
Feeder Division, Sharon, Pa., to 
superintendent of small machin- 
ing, Canton Ordnance Division. 


William W. Heilman @ has 
been graduated from Carnegie In- 
stitute of Technology, and is now 
employed by the Electro Metal- 
lurgical Co., at Glen Ferris, W. 
Va., as a technical student. 


NOW-the heat treat 
that Industry alwa 


at half the price 


The INTEROVAL FURNACE 
is the product of almost a 
half century of heat treating 
experience. Its design is 
just engineering common 
sense applied to the prob- 
lem of hardening expensive 
tools and dies safely and 
accurately. No possibility 
of surface decarburization 
or distortion. Of particular 
importance at this time is 
the outstanding ability of 
this furnace to heat treat 
“Moly” steels without any 
trace of scale of soft skin. 
Read the description below 
and then send for our new 
folder, giving complete in- 
formation. 


ing furnace 
ys wanted 


you'd expect | 


Sectional View of Interoval 
Furnace, showing method 
of suspending the work. 
Note location of deflector 
and shape of chamber. 


r 
INTEROVAL 


ometer. 
Heating chamber—14” high, 9” in di- 
ameter at center, 7’ in diameter at top. 


Weight—550 Ibs. 


untouched by products of combustion. 


Overall size — 32” high x 20” in di- Pieces are suspended by wire, eliminat- 
ing possibility of distortion. Heats to 
2350° F. in 40 minutes. Non-oxidizing 
atmosphere. Two openings at opposite 
sides of furnace permit localized harden- 
ing of tools. Heat resistant tray inserted 
This furnace is gos-fired and can be through openings can be used for hard- 
operated at an average cost of 25¢ ening small parts. These openings are 
per hour for fuel. It heats entirely by also used for heoting small parts for 
radiation, the work being absolutely forging. May be quickly converted into 
lead, cyanide or salt bath furnace. 


DETAILS 


Rennet 


INSURED STEEL 


£ TREATING CO. 
NEWARK, N. J. 


130 SOUTH ST. 
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Called to active duty y the 
U. S. Army: 2nd Lieut. | vard 
C. Bergen ©, assigned t 23rd 
Ordnance Company, attac!od to 


G. H. Q. Air Force, Portland Air 
Base, Oregon; Ist Lieut. ¢ orge 
H. Thurston Battery 6th 
Coast Artillery, Fort iker, 
Calif.; Ist Lieut. Robert H. Eg. 
son &, with the 30th Field Ar. 


tillery Regiment of the 26th F, 4. 
Brigade at Camp Roberts, East 
Garrison, Calif.; Lieut. George E. 
Doremus, Jr., &, stationed at the 
Quartermaster School in Phila- 
delphia; 2nd Lieut. G. W. Hig. 
gins @, stationed at the Ordnance 
Replacement Center, 
Proving Ground, Md.; Ist Lieut. 
Arthur L. Sanford ©, stationed 
with 100th Coast Artillery (Anti- 
Aircraft) at Camp Davis, N. C.: 
2nd Lieut. Morris E. Nicholson 
©. assigned to Springfield Arm- 
ory as assistant to works man- 


Aberdeen 


ager and laboratory officer; Lieut. 
Frank W. Brey @, with the 678th 
Ordnance Company, G. H. Q. Air 


Force. 


George A. Johnson & has been 
made assistant superintendent in 
the Open Hearth Department, 
Bethlehem Steel Co., Sparrows 
Point, Md. 


Robert S. Sutton © has been 
transferred from the Metallurgi- 
cal Department of the American 
Rolling Mill Co. in Butler, Pa., to 
the Research Laboratories in Mid- 
dletown, Ohio. 


Harry 8S. Toups B. 5S. Lou's 
iana State University, has accept- 
ed a position with the Tennesse 
Coal, Iron & Railroad Co., in th 
Fairfield (Ala.) Wire Works 
Division. 


Joseph E. Foster @, former!) 
with U. S. Army Ordnance De- 
partment, Rock Island Ars 
now metallurgist with \' 
Cartridge Co., East Alton, 


John W. Hamilton 
chief metallurgist with ndu- 
stan Aircraft, Ltd., Ba ore, 


Southern India. 
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Ask your ‘supplier abent. 
!Molybdenum high speed steels. : 
Experience proves they pay. 


vA 


You know what you want from your cutting tools. Here’s what users are getting from 
molybdenum high speed steels, in comparison with the tungsten types. 


Equivalent cutting properties Greater toughness Lower cost 


These are facts — with nine years’ experience in thousands of shops to back them up. Check 
cost and performance records with any user you like. See your supplier for the proper 
analysis and heat treatment for your requirements. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
MOLYBDIC OXIDE—BRIQUETTED OR CANNED + FERROMOLYBDENUM + CALCIUM MOLYBDATE 


Gy Cit 
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PERSONALDS 


J. Earl Romer ©, sales staff of 
Bliss & Laughlin, Inc., has been 
promoted to district manager of 
the Cleveland office. 


Philip N. Cooke &, sales man- 


Joseph F. Oesterle chair- 
man of the Department of Mining 
and Metallurgy, University of 
Wisconsin, is on the staff of the 
Ladish Drop Forge Co. at Cud- 
ahy, Wis., for the summer. 


Francis G. Jenkins &, former- 
ly in the Materials Standards De- 
partment, Eastman Kodak Co., 


ager of Norton Co. of Canada, Rochester, 


pointed resident manager. 


N. Y., is now chief, 
Ltd., Hamilton, Ont., has been ap- Procurement Section, Watertown 
Arsenal, Watertown, Mass. 


Munitions 


Broaching Jobs 


PAT D PATENT OF Ficr 


HIS is another example of a difficult metal working 

problem made easier with Stuart's Thred-Kut. These 
1,000 Ib. breech rings are broached on the largest 
broaching set-up ever developed by Lapoint Machine 
Tool Co. It was natural to put Stuart’s Thred-Kut on 
the job because of its proved performance and wide 
use in armories, arsenals, aircraft plants and other re- 
lated industries where nothing less than the best cutting 
fluid can serve. 


For tapping, threading, deep drilling, broaching, gear 
cutting and all alloy steel machining operations — use 
Stuart's Thred-Kut! You'll save time, money and head- 
aches. Write... wire . . . phone for a trial drum today. 
REMEMBER: the cost of cutting fluids is measured by 
pennies—the cost of tools and production by dollars! 


For All Cutting Fluid Problems 


D. A. STUART OIL CO. 
Chicago, U.S.A. LIMITED 
Warehouses in All Principal Metel Working Centers 


Est. 1865 


— 


~x 


90 mm. 
Anti-Aircraft 
Breech Ring 


@ Above is shown the 
set of 14 brooches used 
to brooch the 90 mm. 
onti-ocircraft gun breech 
ring. 28 cuts ore token 
to remove 230 cubic 
inches of moterial. One 
port of the square hole 
hos o 1% taper. 
Squoreness, size and 
taper ore held to an ac- 
curecy of .0015”. 


Metal Progress; Page 204 


R. P. Newcomb 6, 
production manager a: 


merly 


Inc., Richmond, is in- 
dustrial engineer with  Jeffpe, 


Mfg. Co., Columbus, Oh 


C. L. Atkinson, Jr. resery, 
naval officer employed | Michi- 
gan Steel Tube Products Co., has 
been recalled to active d ty ; 
lieutenant commander 
U.S. S. Maryland. 


William H. C. Webster @ 
now on active duty as Ist lieutep- 
ant, Ordnance Department, sty 
tioned as Army inspector of ord- 
nance at Pullman-Standard Ca; 
Mfg. Co., Butler, Pa. 


Transferred by Linde Air 
Products Co.: H. T. Herbst 6. 
from the development laboratory 
at Newark, N. J., to the Los An- 
geles district as service engines 


in the sales department. 


Joseph G. Christ & is now m 
search engineer at Battelle Memo- 
rial Institute, Columbus, Ohio 


Earle R. Saunders & received 
his Ph.D. in metallurgy tro 
University of Cincinnati in Ju 
and is now employed on the stall 
of the development divisio! 
Union Carbide & Carbon 
Niagara Falls, N. Y. 


Frank H. Lloyd &, former) 
with Eastman Kodak Co.,_ has 
been called for one year's train 
ing with Battery H, 209th Coas! 
Artillery, National Guard Reg 
ment, at Camp Stewart, Ga 


Jay Burns @ is now employ: 
in the new metallurgical! labors 
tory of Goodyear Airera!! Gor) 
Akron, Ohio. 


Raymond B. Smith © has © 


signed as metallurgist in the t& 
search department ol! pub 
Steel Corp., Central All ist 
Canton, Ohio, to accept sill 
as chief chemist and tes! 15 


neer with Reynolds 
Louisville, Ky. 


metal. 
lurgist, Automotive Gear Work. 
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swap horses. He was right about horses, and 
many other things, but he didn’t know about 
F&D's standard chain furnace. 


This standard furnace can meet your usual heat 
treating requirements ... or, in a few hours, be 
changed “in midstream” to handle shells and other 
armament. 

If you are already engaged in defense production, 
this furnace can do your work ... and, after the 
defense program is completed, be changed back to 
peace-time endeavors. 


We have expanded our drafting, engineering and 


A* LINCOLN said mid-stream was no place to 
j 


Associated Company 
WEAN ENGINEERING 
COMPANY, ING 


WARREN, OHIO 


NUTT 


fabrication facilities to give insmediate attention to 
your furnace problems. Write today for F&D fur- 
nace facts. 


During our 34 years experience—which included 
the First World War—we have designed and built 
furnaces for: forging . . . hardening . . . annealing 

. billet heating . . . drawing .. . carburizing .. . 
bright annealing . . . controlled atmospheres... 
scale-free annealing . . . normalizing . . . special at- 
mosphere . . . sheet and pair . . . plate heating . . . 
quenching and heat treating machines . . . continu- 
ous conveyor furnaces of all kinds. 
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Transferred: Paul M. Tanis @ 

A] from chemist in the laboratories 

R O N A L. of Wright Aeronautical Corp. in 

2aterson, N. J., to the new plant 

Leon R. Jeanneret & has been in Lockland, Ohio, as chemist in 

transferred from the Detroit of- charge of steel analysis and metal 
fice of the Babcock & Wilcox plating control. 

Tube Co. to Beaver Falls, Pa., as 


assistant general sales manager. Ted B. Krumwied ©, formerly 
employed by Die Casting Corp., 
P. M. Robertson @ is now as- Glendale, Calif., is now metallur- 


sociated with the Craig Bit Co., gist for Aero Alloys Co., Vernon, 
Ltd., of North Bay, Ont., Canada. Calif. 


1. SMALLER INVENTORY 


Because it machines like Bessemer, 
carburizes like SAE X1020 or X1314, 
has physicals like X1020-X1314 and 
exceptional ductility it will replace 
these grades you stock. 


; 2. INCREASED PRODUCTION 


5. PHYSICAL PROPERTIES 


Equal to SAE X1020-X1315-1115 


6. UNUSUAL DUCTILITY 


180° Bend (Cold Drawn -1" Rd 


Licensor 


MONARCH STEEL COMPANY 


HAMMOND INDIANAPOLIS. CHICAGO 
PECKOVER'S LTD., Toronto, Canadian Distributor 


Licensee for Eastern States 


THE FITZSIMONS COMPANY 


YOUNGSTOWN, OHIO 


MANUFACTURERS OF COLD FINISHED CARBON AND ALLOY STEEL BARS 
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W. E. Jominy @, former pe. 
search metallurgist with Gora} 


Motors Research Laboral 
Detroit, is now associated with 
the engineering departm: of 
Chrysler Corp., Detroit, as yp eta}. 
lurgist under direction of 


McCleary ©. 


Allan L. Brooks @ is now em- 
ployed as a metallurgica! ob- 
server with the Carnegie-I|linois 
Steel Corp., Gary Works. 


Joseph C. Danec @ has left 
Battelle Memorial Institute, Co- 
lumbus, Ohio, and is now in the 
mechanical section, research lab- 
oratories, Norton Abrasive 
Worcester, Mass. 


Philip Johnston @ has left the 
Riehle Testing Machine Division 
of American Machine & Metals, 
Inc., as district engineer in Hart- 
ford, Conn., and is now on active 
duty as an oflicer in the Ordnance 
Department, U. S. Army al Au- 
gusta Arsenal, Augusta, Ga. 


H. J. Godfrey ©, engineer of 
tests, Fritz Engineering Labora- 
tory, Lehigh University, Bethle- 
hem, Pa., has accepted a position 
as a development engineer in 
charge of the physical testing lab- 
oratory, John A. Roebling’s Sons 

Co., Trenton, N. J. 


John G. Sullivan @, formerly 
works metallurgist, Rankin 
Works, American Steel & Wire 
Co., Pittsburgh, is now assistant 
works metallurgist, Donora 
Works, Donora, Pa. 


Albert D. Surtees @, formerly 
with Charles Ogilvy, Ltd., Ollawa, 
Canada, is now heat treater with 
Hamilton Gear & Machine ©. 
Ltd., Toronto. 


Victor G. Mooradian ©. 
merly research metallurgis! divi- 
sion of Industrial Cooper 
Massachusetts Institute of | ech- 
nology, is now metallurs in 
charge of the research and ‘evel 
opment laboratory, H. A. \ ‘S02 
Co., Newark, N. J. 
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Whe 


ydryzing speeds production by elimi- 
ating cleaning operations such as sand- 


lasting or pickling. 


if you harden springs, stampings, or 
other smal! parts here’s a really sim: 
ple way to improve your product and 
save plenty of money doing it. 


Have you often wondered how you could harden 


your springs, stampings, and other small parts 


without scale or discoloration? You can, and not 


only harden them without scale or discoloration, 
but harden them absolutely bright so that their 


original shiny surfaces are preserved intact. 


Thus, you no longer need remove scale from 


hardened parts by means of pickling, sandblast- 


ing or other cleaning operations. Hydryzed parts 


look better because of their smooth, shiny sur- 


faces, and take a smoother plating job because 


there are no pits due to scaling or subsequent 


cleaning operations. We'll be glad to Hydryze 


a batch of your parts to demonstrate the many 


savings possibilities of Hydryzing. 


LINDBERG ENGINEERING CO. 
222 No. Laflin St. Chicago, III. 


YCLONE FOR TEMPERIN ‘FOR HARDENING 
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down the axis of the sh... 


JOINTS IN LIGHT METAL,” tested with powder, and the 


is closed by exploding jis 

charge. Ignition is by electr ca} 

HE new duralumin known in cold working to a minimum shear means using special tools on jhe 

Germany as 681-H is a rivet — strength of 34,000 psi. (In the head side. Such rivets can thore- 

alloy of the Al-Cu-Mg group completed structure it is the fore be used in positions which 

which can be worked without shear strength of the worked are accessible from one side only. 

previous heat treatment. Since rivet and not that of the original As the introduction of the ch irge 
no disturbance of age hardening rivet that matters.) and the actual explosion is only 
processes can occur during ham- A special type of explosive permissible for rivets in the fully § 

mering the shear strength rises rivet has also been developed. aged condition, duralumin 681-H 

by about 2850 psi. as a result of | This contains a hole part way is particularly suitable for this 


purpose. ane 

The WEIBEL process of fusion 
welding of light metal sheets is 
permitting new applications of 
aluminum forging alloys. From 
the mechanical point of view it 
resembles soldering with an elec- asse 


seve 


N i ‘ 2 
WHEN THE tric solde ring iron, although the ost 
working temperatures are much 
99 higher. The process is best suited cast 
for welding thin light metal solic 
sheets having a_ thickness 
COMES OFF a between 0.008 and 0.06 in. 
Edges of the sheets are . 
listec 


usually flanged as for gas weld- 
ing. The apparatus consists equa 
essentially of two carbon elee- 


More and more steel companies are using 
Ferro-Carbon Titanium as the final deoxi- 


dizer and cleanser of rimming steel. The 


mo 
trodes energized by a low fre- de 


quency alternating current, so perie: 
the welding heat is generated 
outside the material to be welded. 
This process is not resistance place 


reasons? First: after the molds are’stripped”, 
they find that ingots are thick skinned with 
little or no sub-surface porosity. Second: Castin 
Titanium-treated steel is clean steel... free 


from oxide inclusion and slag. Write for 


welding according to the gener- ; 

specific data on the use of Titanium in steel. poe applic 
ally accepted definition — nor 

coe arc welding, since no are is ( 
TITANIUM a. struck with the low voltage of 4 

to 8 volts. The material is 
roug ‘lting point by 

brought to the melting |] = 


contact with the glowing elec- 
trodes and flows into the weld 
seam much as when gas welding. 
Mis-fills can be repaired by melt- 
ing a wire of the same material 
In a similar manner sheets ove! 
0.06 in., which cannot be flanged, 
can be readily welded. 
(Continued on page 216 


*“Riveting and Welding of | ight 
Metals; Recent Trends of 


ment in Germany”, by En 

Rajakowices; The Metal In ry 

Oct. 27, 1939, page 369. 
“Properties of Light tal 


GENERAL OFFICES AND WORKS: NIAGARA FALLS, U.S. Corrosion 
EXECUTIVE OFFICES: 111 BROADWAY, NEW YORK CITY * Welds; A Study of the Sale 
Resistance of Welded Alu m 


Representotives for Europe . « Rowlands & Co., itd, 23-27 Broomball St., Sheffield, Engiond 


Industry, Nov. 10, 1939, p ‘00. 
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STEEL CASTINGS = =the faster 


and better answer to your production problems 


Many defense products are being cast today to ‘ 


save time in machining, fitting and assembly. Elaborate 


assemblies are being reduced to single units, far less 


costly. Machine and tool builders are using steel 


castings for many parts because the steel casting is one 4 


solid piece of steel cast to exact size. 


Not only are castings faster, but now the foundries 


listed below can produce castings with properties 


equaling those of slower processes. Equipped with * 


modern laboratories and a vast store of technical ex- 


perience, these foundries produce lighter, stronger ; 


tastings scientifically designed with metal thickness 


placed where the greatest stresses and strains are y 


applied. 


Castings are being used in boats, planes, guns, 


mmunition, equipment, tanks, trucks and other de- 


lense products. For the picture of how castings can 


fve time on your product, call the nearest foundry 
listed below. 


New Jersey 


American Steel Castings Co. 


Avenue “L” and Edwards Street. Market 3-5464 


Philadelphia, Pa. Rochester, New York 


Dodge Stee! Compan The Symington-Gould Corporati 
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Front and Millard Avenue. 


Fields in Which 
STEEL CASTINGS 


Are Constantly Used 


Aeronautical 
Agricultural Machinery 
Automotive 

Bearing 

Boiler, Tank & Piping 
Bridge 

Chemical & Paint Works 
Compressors (Pneumatic) 
Conveyor & Material Handling 
Crushing Machinery & Cement Mill 
Dredge 

Electrical Machinery & Equipment 
Elevator 

Engine 

Food Processing & Packing Plant 
Foundry Machinery & Equipment 
Gas Producer & Coke Oven 

Gears 

Heat Treating Furnace & Equipment 
Hoist & Derrick 

lron & Steel Industries 

Metallurgical Machinery 

Mining Machinery & Equipment 

Oil or Gas Field & Refinery 
Ordnance 

Overhead Crane & Charging Machine 
Paper Mill 

Printing Press 

Pump 

Railroad 

Refractory, Brickyard & Ceramic 
Refrigeration Machinery 

Road & Building Construction 
Rubber Mill 

Ship & Marine 

Shoe Machinery 

Smelting Plant 

Spray Painting Equipment 

Steam Turbine 

Street, Elevated, & Subway Cars 
Textile Machinery 
Valves, Fittings & Piping 


Toledo, Ohio 


Unitcast Corporation, Stee! Casting Division 


Tulsa, Oklahoma 


Oklahoma Steel Castings Company 
1200 N. Peoria. 


POntiac 1545 
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(Continued from page 210) 
Besides the normal butt weld- 


g, very clean corner welds are 
also easily made by this process 
as well as thin tubes and tube 
joints. Longitudinal seams in 
tubes are preferably executed as 
a flange weld, while for circum- 
ferential seams a filler rod is 


GHT METAL. 


used. The welding of long seams 
presents no real difficulties after 
a little practice. 

Only the underside of the 
sheets should be spread with flux, 
and this should be applied as 
thinly as possible. Consumption 
of flux is less than with gas weld- 
ing, and the quality of the flux 


AMERICA NEVER HAD SUCH 
BLAST CLEANING TABLES! 


* * TODAY--when the NEED is GREAT-- 


Pangborn airless ROTOBLAST 
Tables are sturdily built in six 
sizes ranging from four to four- 
teen feet, and in single and 
multiple table types; they are de- 
signed for uninterrupted service 


under hardest wear, are easy to 
load and unload, are adaptable 
for various kinds of work, have 
variable speed drives on both 
table tops and ROTOBLAST 
units. Send for new bulletin. 


A FEW ROTOBLAST 
TABLE USERS 


*Amer. Car & Fdy. Co. “Hughes Tool Company 
Amer. Ldy. Mach. Co. Int. Bus. Mach. Cerp. 
American Radiator Co. *McKinnon tIndus., Ltd 


American Stove Company «michigan Mall. Iron Co. 


“Ames Baldwin Wyo. Co. Foundry Company 


Andes Range & Furn. Co. Phillips & Buttorff Mfg. 
0. 


Benton Harbor Mall. In. 
“Budd Wheel Company Remington-Rand, Ine. 
<Chryster Corporation Singer Mfg. Company 

*Electro Metallurgical Co. 
*Foote Brs. Gear & Mch. 


Corp. 
“Ford Motor Company White Motor Company 


General Electric Co. Williamson Heater Co. 
Hart & Crouse Co., Inc. Yale & Towne Mfg. Co. 
*—-More than one machine 


Westinghouse Elec. & 
Mfg. Co. 


*Vanadium Corp. of Amer. 


Pangborn gives INDUSTRY 
its finest PRODUCERS. 
* 
AND THEY'RE ALREADY CONSCRIPTED 


IN THE ARMY 


Many miscellaneous parts for tanks, 
gun mounts, signal corps, mess hall 
and kitchen equipment are being 
cleaned by airless ROTOBLAST for 
ARMY requirements. 


IN THE NAVY 


Cast, forged and heat treated parts 
are important items in the building and 
equipping of the Navy's ships and tor- 
pedoes. ROTOBLAST cleans them— 
quickly and economically. 


IN THE AIR CORPS 


ROTOBLAST has earned its “wings” 
by proven uniformity, efficiency and 
speed in cleaning many parts vital to 
today’s expanding aviation program. 


AND IN INDUSTRY— 
FOR ALL-OUT DEFENSE 


Many ROTOBLAST Tables everywhere 
are proving their value to industry by 
increasing production, lowering costs 
and improving quality of finish! They 
will do the same for you. 


WORLD'S LARCEST MANUFACTURERS OF BLAST CLEANING AND DUST COLLECTING EQUIPMENT 


PANG 


PANGCBORN CORPORATION 


BORN 


HAGERSTOWN, MD. 
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may also be lower. The | 4p. 


hygroscopic fluxes, which 
ally may not be used th 


aluminum alloys of high ag- 
nesium content, can be em} Be 
with the WEIBEL process. [his 
represents an appreciable acyan- 
tage in those instances where the 
flux residues cannot be removed. 
The problem of finding the most 
suitable electrode is nol yet 
entirely solved. 

The shape of the seam, 
whether pointed or flat, depends 
largely upon the position of the 
electrodes and the shape of the 
electrodes. By using higher cur- 
rents a correspondingly greater 
welding speed possible, 
although this requires more skill, 
A secondary run can, after some 
practice, be made to change the 
shape of the seam. 

Tests have given good 
strengths for welds in the alumi- 
num forging alloys, particularly 
to the more heat-sensitive alloys 
such as duralumin on account of 
the rapid local heating. 

The process, especially suil- 
able for forging alloys, should 
have wide application in fuse- 
lage and wing construction. 

BRENNER has conducted cor- 
rosion tests on gas welded sheets 
1.5 mm. thick of the principal 
aluminum alloys. The type of 
weld chosen was the gas welded 
butt weld. The test method 
adopted was the German stand- 
ard immersion test using a 
stirred 3° sodium chloride solu- 
tion containing 0.1 H,O.. 

The greatest resistance to cor- 
rosion was exhibited by pure 
aluminum (99.8° ), Mangal (Al 
Mn) and KS-Seewasser (Al-Mg- 
Mn), both in the welded and 
unwelded condition. All samples 
of these materials withstood the 
two-year test without loss ol 
strength, nor could any ou! ward 
changes in the samp! he 
observed. Test pieces of K5-See 
wasser, for example, re\ 
difference between the 
and unwelded samples. 

mering of the welded se: 


(Continued on page 2! 
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‘De ens eR quirements demand 


1 


os. You will find DOUBLE SIX equal . . . and often superior 

THE MARK OF ...to higher tungsten types. Due to its low tungsten content, 
BETTER TOOL STEELS DOUBLE SIX High Speed Tool Steel is a valuable help in 
conserving tungsten for the needs of the defense program. 

Its tungsten-molybdenum content provides a proper balance 

{) for maximum cutting efficiency, with a minimum of decar- 


burization plus superior heat-treating qualities. 


COMPANY 


MAIN OFFICES and PLANT -- LATROBE PENNSYLVANIA 
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(Starts on page 210) 
failed to diminish the corrosion 
resistance. These results are sur- 
prising, because it is anticipated 
that the electrode potential of 
these materials would be shifted 
in the electronegative direction 
by the cold work, so that electro- 
chemical reactions would at least 


JOINTS IN LIGHT METAL 


take place between the cold- 
worked and unworked zones. 
The behavior towards corro- 
sive factors of Al-Mg alloys with 
a high magnesium content is 
dependent in large measure upon 
the quantity and character of the 
Mg.Al, compound separating 
from the solid solution. Supple- 


DECARBURIZATION. 


of High Speed Tools. 


SIVELY. 


Write for 
new 8-page 


BULLETIN 


HOLDEN ELECTRIC 
POT FURNACES 


Molybdenum Tools come out clean as a minted dollar 


l. Holden Furnaces and Baths enable you to harden 
Molybdenum High Speed Steels with NO SCALE, NO 


2. Holden High Speed baths have been used continu- 
ously since 1933 by eight of the leading manufacturers 


3. Salway Steel Treating, Inc., Detroit—the only com- 
mercial Heat Treating Plant devoting their entire facilities 
to Salt Bath Hardening—use Holden Baths EXCLU- 


4. The proven Holden Ceramic Pot is guaranteed for 
6 months for temperatures of 2350 F. 


HOLDEN BATHS AND POT FURNACES deliver 


proven results. Undivided responsibility. Entire 


equipment and material installed and supervised by 
Holden Engineers. 


“10 New Ways To Save Time 
and Labor with Holden Baths” 
featuring Gas, Oil and Electric Furnaces 


E THE A. F.HOLDEN CO., 200 Winchester Ave., New Haven, Conn. 
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mentary tempering of the 
genized material at 200 to 
was found to be very dele! 


because the resulting 
distributed grain bounda: 
cipitates led to serious 
crystalline corrosion. ( 
precipitates are less harm 
Sheets containing abo 
of magnesium were welded both 
before and after the solution heat 
treatment and comparative cor- 
rosion tests then earried ou! 
While the unwelded samples 
exhibited practically unchanged 
strength after a_ two-year test 
period, the strength of the welded 
samples fell in both cases to 
approximately the same figure 
(32,500 psi.). 
Metallographic —eXamination 
reveals the cause of this behay- 
ior. In consequence of the heat 
effect in the vicinity of the welded 
part, a very considerable solution 
of the normal constituents occurs 
in a heterogeneous initial strue- 
ture, while a separation of solid 
phases occurs in the samples with 
homogeneous initial structures 
In no sample, however, could an) 
connection be established between 
the structure liable to corrosion 
and the corresponding boundary 
grain precipitates. 
Fracture of the samples 
invariably occurred at the transi- 
tion from sheet to welded area 
where superheated structures 
could be seen under the micro- 
scope. Irrespective of the initia! 
structure, all welded pieces 
exhibited a tendency in this 
region {to characteristic exfolia- 
tions which, with further cor! 
sion, took the form of defini! 
blisters visible on the surface. 
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Bethlehem’s answer 


to the Tungsten shortage... 


H-M HIGH SPEED STEEL 


H-M HIGH SPEED tool steel is Bethlehem's 
answer to the present shortage in tungsten. 

H-M High Speed will handle virtually any job 
formerly handled by 18-4-1 . . . and turn in a com- 
parable performance. In addition, H-M High Speed 
is less expensive to buy than the 18% Tungsten 
grades. However, since the analysis of H-M is so 
different from that of the 18-4-1 grades, this steel 
must be heat-treated and forged with particular 
care. Here are recommendations on its forging and 
annealing practice: 


FORGING — Recommended forging tem- 
perature for H-M is between 1900 and 1950 deg. 
F., after a careful uniform heating and soaking. 
Large pieces should be thoroughly preheated at 
1300-1500 deg. F., before heating more rapidly to 
forging temperature. Long soaking at forging tem- 
perature should be avoided because of decarburiza- 
tion. Decarburization may be retarded by sprin- 


ETHLEHEM STEEL COMPANY 


kling borax on the steel when it is at a temperature 
of approximately 800 deg. F. Use a steel plate to 
protect the furnace hearth from the corrosive ac- 
tion of the borax. Atmospheric control in the heat- 
ing furnace will also prove helpful in preventing 
decarburization. 


ANNEALING—Annealing should always 
follow forging. The recommended practice is to 
“‘pack anneal”’ in coke breeze, cast iron chips, or a 
mixture of dry silica and pulverized charcoal at 
about 1500 deg. F., thoroughly soak, and then 
furnace cool. 


Get free H-M Booklet 


A publication covering all details of handling H-M 
High Speed Steel is now being prepared. If you'll 
write in for this booklet, we'll send it within a few 
days. Address Bethlehem Steel Company, Bethle- 
hem, Pa. No charge or obligation. 


ETHLEHEN 


B 

STEEL 
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ATMOSPHERES 


(Continued from page 186) 


tional amount of carbon mon- 
oxide in the gas mixture in 
equilibrium, will decrease. Con- 
sequently, an atmosphere gen- 
erated as stated in the article by 
Messrs. SLoOWTER and GONSER will 
carburize a steel whose position 


on the iron-carbon diagram is to 


the left of the graphite line, if 
sufficient time is allowed. 

The practical proof is to 
place the steel directly in the hot 
charcoal. Since the gas produced 
is at equilibrium with carbon, it 
has the same carburizing power 
to the steel as the carbon itself. 
In short, the gas is equivalent to 
energized carburizing compound. 
It is, of course, a commonplace 
that steel will be carburized by 
carbon at the same temperature. 


Annealing Brass Cartridge Cases 


CONTINENTAL ’S trained engineers and extensive 
organization is devoted completely to Defense. 


CONTINENTAL 


leads in Automatic Furnaces and 


Automatic Machinery for re-armament. Cartridge 


cases and cartridge brass represent but one important 
field of CONTINENTAL activities. 


CONTINENTAL is serving in the field of aluminum 
heat treating, shell production, armor plate, tank parts 


and many others. 


If you have a problem in annealing or heat treating 


armament, call on CONTINENTAL. 


Our exten- 


sive experience in armament work will be of great 
help to you on any Defense job. 


CONTINENTAL INDUSTRIAL 
ENGINEERS, INC. 


201 NORTH WELLS STREET. CHICAGO. ILL. 


8186 Liverois Avenue 
Detroit 


5244 Germantown Avenue 
Philadelphia 


3916 Farragut Road 
Brooklyn 
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If the heating cycle is short 
as, for example, in har 
sufficient time for carbuy: ition 
may not be allowed. The prob. 
lem then becomes one of! 
In such a use, this atmosphere 
will be very satisfactory for the 
reasons stated in the arti: 

Lioyp B. Kramen 


Metallurgist 
Union Drawn Steel Division 
Republic Steel Corp. 


ling, 


ates, 


Mr. Gonser Replies 


We are in 
Mr. KRAMER’s 
that unsaturated 
with carbon may be carburized 
by the atmosphere under discus- 
sion if exposed to it for a suffi- 
cient time. However, we believe 
that the text of our article is 
equally correct and that Mr. 
KRAMER has misinterpreted it. 

It should be 


agreement with 
Statements and 


agree steels 


noted that in 
the sentence which he quotes, 
above, we only stated that the 
atmosphere was non-decarburiz- 
ing but we did not say that it 
was non-carburizing. Further, 
at the top of page 063 we stated. 
“Since this atmosphere depends 
for its effective operation upon the 
fact that an atmosphere in equilib- 
rium with carbon will also be at 
equilibrium with a steel (that is, 
neither decarburizing nor oxidiz- 
These statements, we believe. 
show the point which we were 
then emphasizing, i. e., that the 
atmosphere was non-decarburiz- 
ing. Nowhere in our article do 
we find a statement which 
implies that the atmosphere will 
not carburize under certain con- 
ditions and this appears to be 
the point which Mr. Kramer 
brings up. 
We emphasized non 
burization since this is u 
an important feature 
atmosphere for hardening 
Carburization is 
not so serious a problem 
these conditions, although 
sometimes be important. 
Bruce W. Gor 
Battelle Memorial | titute 
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requirement. Many of the 
below can be adapte 


Writ 


and armament. 


Continuous 


GAS FURNACE 


This new type continuous gas furnace was man- 
ufactured by Holcroft to light case harden a variety 
of small parts for one of the leading automobile 
manufacturers. 

Parts are pushed through the furnace by a push- 
er mechanism eliminating conveyor chains or dogs. 
The furnace is fired through 20 return-bend U-tubes 
heated through low-pressure gas burners, giving 
- eae temperature from 1500 to 1520 degrees 

chr. 

Many unusual features distinguish this Holcroft 
furnace which will be interesting to any manufac- 


turer with a furnace problem. Write today for full 
details. 


your neares 


DEFENSE PRODUCTION 


ery armamen 
available for ev 
furnaces listed 


wire or telephone 


t Holcroft engineer fo 


Products. 
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OTHER HOLCROFT 
FURNACES 


(with typical parts treated) 


CARBO.-NITRIDING—-Valves. Ball Caps 
(Universal Joint Housings), Cylinder 
Liners, Ball Studs, “U" Bolts, Stamp- 
ings. Gears . . . GAS-CARBURIZING 
Transmission Gears, Chain Sprockets, 
Ring Gears, Pinions. Truck Gears .. . 
CLEAN HARDENING—Gears, Axles, 
Clutch Spring Plates, Cam-Shalts ... 
CLEAN ANNEALING—Oil Pans, Bush- 
ings, Stampings, Wire, Cylinder Liners 

. . SHORT CYCLE MALLEABLE AN. 
NEALING — Miscellaneous Automotive 
Castings, Pipe Fittings, Agricultural Im- 
plements, Tractor Parts. 


COMPANY 


7 
T = 
Leaders in Building and Designing Electric and Combustion 
Furnaces, Kilms and Ovens. Home Office: 6545 Epworth Bivd., 
Detroit—Branches: Chicago, Philadelphia. Canada: Walker Metal 
Ltd.. Walkerville. Ont. 


Fe 
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WORLDY GREATEST all around 


ELECTRIC TOOL 


DRILLS—GRINDS—SANDS 
SAWS—POLISHES 
SHARPENS—CARVES 


The new WHIZ ELECTRIC TOOL is the handiest 
power tool ever made. A rugged tool for power and 
Drills through '%4 inch iron plate in 


Handles any 


precision work. 
42 seconds or engraves intricate designs. 
material: Metals—Woods— Alloys 
Steel—ete. Saves time. Eliminates labor. 
any socket AC or DC, 110 volts. Chuck '4 inch capacity. 
Ball bearing thrust. Powerful, triple-geared motor. 
STANDARD MODEL, with 
200 different accessories, instantly 

Price only $7.95 


Plastics —Glass— 


Plug into 


Normal Speed (uses 


interchangeable ) 


The only DRILL-TOOL with a full year’s guarantee 


FREE 


mounted brush, polishing wheel, carving burr, etc. FREE with 
each tool ordered NOW, 


10-DAY TRIAL—MONEY BACK GUARANTEE 
PARAMOUNT PRODUCTS CO. 


Dept. 8-MPR 545 Fifth Ave. New York, N. Y. 


Accessory outfit (Value $2) includes set of drills, 
mounted 1% inch grinder, sanding discs, cutting wheels 


We pay postage. 


SPEED UP! 


With SENTRY High Temperature 
Tube Furnaces 


The constant high temperature possible in Sentry Tube Fur- 
naces burns samples thoroughly in a shorter time. The 
easily controlled maximum temperature of 2550° F. greatly 
facilitates the analysis of alloy steels and eliminates the 
need for accelerators. 


Both single and dual tube furnaces are available in three 
tube sizes: 1”, 14%" and 1%” bore. Built of the finest ma- 
terials by the maker of Sentry Furnaces and Sentry Dia- 
mond Blocks. Send for complete information: Bulletin 1016-1. 


The Sentry Company 
FOXBORO, MASS.,U.S.A. 


MONEL 


(Continued from page 197) 

The time within the furnace will depend 
on the time-temperature curve recorded by the 
thermocouple in the charge, and, of course, js 
regulated by the softening effect intended. as 
discussed in earlier paragraphs. 

After annealing, the box may be cooled jp 
the furnace or may be withdrawn and cooled 
more rapidly in the air. Care should be taken 
to increase the flow of reducing gas so as to 
maintain the 0.2-in. pressure within the box, or 
the 1 to 2-in. flame length, whichever means of 
regulation is being used. When the box has 
cooled to below 500° F. there will be no danger 
of oxidation and the charge then may be 
removed. However, it will usually be found 
just as convenient to allow the box to cool com- 
pletely, so that it can be opened by hand. 


Cooling 


Neither slow cooling, whether in or out o! 
the furnace, nor quenching, has any effect on 
the softness of annealed Monel or “R” Mone! 
(“K” Monel is a hardenable alloy, so this state- 
ment does not apply.) Frequently, therefore. 
the metal is quenched to economize time, and 
(Gif not bright annealed) to minimize oxidation 
If facilities are available the high nickel alloys 
may be quenched in a 2° solution of denatured 
alcohol. This will reduce the “oxide flash’ 
formed by the oxygen of the air during tl 
transfer from the furnace to the quenching 
tank. When heated in reducing atmospheres 
and quenched quickly, the surfaces of nicke! 
and Monel will be silvery white. A gray tint o! 
nickel and a pink color on Monel 
either oxygen in the furnace atmosphere ©! 


indicate 


delay in quenching. 

It is advisable to test the furnace almos 
phere first. If the pink flash is obtained will 
Monel, the air supply should be reduced anc 
any leakage of air into the furnace prevented 

When quenching is inconvenient, the work 
The oxide formed 
rent 


may be air-cooled. 
is extremely thin, glossy and tightly ad 


Light rubbing with No. 00 emery clo will 
remove it readily. . 

The chromium oxide formed on one! 
cannot be reduced by quenching in alco |! I 
can be removed best by pickling. “ 
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SIL- 


ERE is another convincing example of the increased 
production that can be obtained in joining non-ferrous 
metals with the low temperature brazing alloy SIL-FOS. 


The job is the brazing of rotor bars to end rings and this 
manufacturer reports that the switch to SIL-FOS reduced 
brazing time per rotor from 6 hours to 1144 hours — and 
that is not all — 


FOS ALSO IMPROVED JOINT QUALITY 


The SIL-FOS brazed joints are stronger, give high corrosion resistance, 
and have proved “very reliable” in service. 

Increased production, better joint quality and reduced cost per joint 
are advantages hundreds of manufacturers who use SIL-FOS are 
getting regularly. 


FIND OUT WHAT SIL-FOS WILL DO FOR YOU 


APPROVED 


SIL-FOS is included 
in Navy, Federal and 
other specifications 
and is used on a wide 
variety of government 
work, 


If you want speed plus reliability, test the fast acting SIL-FOS 
on your non-ferrous metal joining. You'll find full details 
about it in Bulletin MP-58 — write for a copy. If you have a 
job that needs prompt attention, let us know if you want a field 


engineer to call. 


HANDY & HARMAN $82 FULTON ST., NEW YORK 


Agents in Principal Cities, In Cenada: HANDY & HARMAN of Canada, ltd., Toronto 
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SOFT METAL 


(Continued from page 171) 

Many attempts have been 
made to explain the outstanding 
difficulties offered by the softness 
of the single crystals — their 
proneness to glide under very 
small shear stresses. The atoms 
are bound in their places by 
interatomic forces, the potential 


of the field of force having a 
minimum at the position where 
the atom is in equilibrium. If 
an atom is moved from this posi- 
tion the force tends to restore it; 
the case is similar to that of 

table covered with a regular net- 
work of depressions, with a ball 
lying in each depression. Now 
consider the force required to 
move all the balls at once in a 
given direction, so that each rises 
out of its hole and falls into the 
next hole in that direction. It 


end 
UM CAS 
SHEETS ond snares” 


BRASS CASES 
FORGING 

UMINUM F | 
and Rivets 


DESPATCH FURNACES 
Jt! 


Compliments from Users for Doing Their Job 
Well Under DEFENSE PRESSURE 


ACCURATE - SPEEDY HEAT TREATING 


Where ever accurate heat control is essential Despatch 
Furnaces are recommended. Despatch engineering 
BULLETIN and designing permits perfect control of heat in the 
18 » work chamber under all operating conditions. The 
. oversized fan improves heat distribution and recircu- 
No. SIF lation in every ty 


in combination. 
; 4 tinuous heavy duty and with the idea of handling more 
material better and faster and to withstand tough 
schedules without shut downs through the poate. 
These are the important reasons why 5 
naces are earning the compliments of Despatch users 
through the country. Write for Bulletin No. 81 for 


Prompt Deliveries Maintained 4 interesting presentation of many other Despatch 
features for better furnace performance. 


DESPATCH 


OVEN COMPANY - Minneapolis, Minnesota 


- of load whether dense, coarse or 
Yespatch furnaces are built for con- 


Ye spatch fur- 
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will clearly be the force | ired 


to move a single ball mu’ plieg 
by the number of balls, ar | this 
is equally true when « be! fies 


in every hole and when » fey 
vacant holes exist in the rray. 

From this simple illusiration 
it is seen that the low value of 
the critical shear stress cannot 
be accounted for on the basis of 
the simultaneous movement of 
all atoms in a glide plane. 

The position may perhaps be 
clarified by considering simply a 
row of cylinders touching one 
another, with a second row of 
cylinders resting on them, as in 
the model illustrated on page 171, 
The force required to move one 
whole row over the other is con- 
siderable. Suppose, however, 
that the number of cylinders in 
the upper row is one or two fewer 
than that in the lower row. In 
the model a place of non-fit (a 
“dislocation” ) is arranged at one 
end of the row, toward the right, 
there being four in the upper row 
to five in the lower row here. To 
make the model resemble the 
atomic case better, all the upper 
cylinders in the model are con- 
nected to a long strip of elastic 
band. If we now run our hand 
over the upper row, from right to 
left, which is equivalent to 
imposing a force from left to 
right on the lower row, it is easy 
to make this dislocation travel 
along. At any given moment we 
are only moving a few cylinders 
through the periodic field of 
gravitational potential. After the 
dislocation has traveled from end 
to end, however, every cylinder 
has moved one place, and_ the 
whole row is displaced relatively 
to that below, although al any 
given moment we were only mov- 
ing a few cylinders. 

The fact that gtide takes plac 


at shear stresses so far below the 
theoretical value shows thal 4 
whole sheet of atoms canno! 


travel at once over a neigh orins 
sheet. Under shear the wh 
crystal plane does not 
one atomic spacing si! 


ously; rather the misfit | eas 
ily through the crystal, ving 
in its wake atoms jer) 
spaced. In a sense, t! the 


weakness of the single « 
due to imperfections w! 
(Continued on page 
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A ‘‘BRASS HAWK”. When Revere Copper and Brass Incorporated receives your 
order, a corps of men take your interests in charge. Acting virtually as an arm of 
your own organization, they watch the materials in your order through each pro- 
duction stage, from casting shop to shipping platform. One of these “brass hawks” 
is Dominick Lombino, schooled in the critical inspection methods developed by 
Revere. His skill, in knowing what to look for in copper and copper-base alloys, 
helps to make Revere products so trustworthy. He, and dozens of inspectors like 
him, are a part of the painstaking Revere service which is now showing its value 
for defense by insuring the fitness of the materials you order from us. Revere 
Copper and Brass Incorporated, 230 Park Avenue, New York. 
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SOFT METAL 


(Starts on page 171) 


somehow inherent in the struc- 


ture. A perfect crystal might 
have theoretical strength, but 
probably no such thing exists. 
There is considerable doubt 
and diversity of opinion as to the 
origin and end of the disloca- 
tions. I have not time to discuss 


the details and difficulties; the 
general conception of a traveling 
misfit seems, however, to be 
undoubtedly the proper basis for 
any theory of glide. 

Another fruitful conception is 
that of cracks, notches, or other 
regions of local peculiarity lead- 
ing to increased local stress. 
Thinking of a wooden plant, we 
may perhaps be allowed to call 
these hypothetical regions 
“knots”. Certain mathematical 
deductions can be made from the 


1) All SAVED® 


600 ON THIS ONE JOB! 


Taylor-Wilson Mfg. Co., McKees Rocks, Pa., had an impor- 


tant defense contract calling 
the foreground. Dies would 


for forgings for large parts in 
have cost lots of money. Mak- 


ing them by hand would have been slow and very expensive. 
The DoAll made the parts in 16 hours and this firm calcu- 
lates that the saving was $600. 


TODAY’S MIGHTY 


* When Precision Cutting is Essential 
* When Speed is a Big Factor 


DoAll is doing First Aid service in large and small plants 
wherever metal is cut—to make molds, dies and special tools 


—on the production line in motor 


arsenals, shipyards, etc. Takes the place of shaper, milling 
and lathe work. 


PRODUCTION TOOL 


and aeroplane factories, 


IMMEDIATE SHIPMENT 


Every 40 minutes a DoAll comes off 
our assembly line. We are keeping up 
with the demand for these indispensa- 
ble machine tools. All orders are given 
prompt attention. 


Let one of our trained men come to 
your plant and show you how the 
DoAll can cut time and costs for you. 


FREE—Literature and 158-page Hand- 
book on Contour Machining. 


CONTINENTAL MACHINES, INC. 


1307 S. Washington Ave., Minneapolis, Minn. 


A line of DoAlls in use at Canadian Fairchild Associated with the DOALL COMPANY, Des 


Aircraft, Limited, Montreal, Que. 


Plaines, t1!.. Manufacturers of Band Saws and Band 
Files for DoAll Contour Machines. 
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assumptions that the regis 
stress concentration ar: yery 
small, and that the str sses 
depend on the irregularitics of 
atomic motion in the neic)bopr- 
hood. Every now and the» the 
atoms so will dispose them selyes 
that, speaking loosely, the crack 
is “sharper”; the longer one 
waits the greater the chance that 
the local stress due to atomic 
vibrations reaches some high 
critical value. The rate of flow 
of a crystal under stress wil! then 
be proportional to the frequency 
with which the critical stress js 
reached at the local “knots” 

The resulting mathematica! 
formula shows that flow should 
take place at any stress, but if 
the stress is below a certain value 
the flow is unobservably small 
This is the kind of thing we must 
expect to find in theories based 
upon probabilities. 

If this view is correct, we 
cannot define a critical shear 
stress for a single crystal by say- 
ing it is the resolved shear stress 
at which glide begins to tak 
place, for this will depend upon 
what rate we are prepared to 
consider noticeable. Experiments 
on pure cadmium verify thes 
conclusions as follows: A stress 
of 5 g. per sq.mm. produced 
flow of 1% in 18 days; 10 
caused 1° flow in 7 hr.; 18 g. in 
1 hr.; and 15 g. a flow of 1% in 
13 min. 

It is well known that shear 
movements (slip, or plastic flow 
in metals) cause a_ hardening 
action, and this is usually 
expressed by curves where shear 
stress is plotted against exten- 
sion. Interpretation of these 
curves is difficult, however. 
because the above described time 
element is not taken into account. 
By working within a region 
where the rate of flow is very 
small, and applying the stress 
fairly rapidly, hardening curves 
with some meaning « 
obtained, but attention ! 


always been given to this por! 
The time element being ¢!!n 


inated as best one can, rves 
showing the variation « ress 
with glide at temperature 
ably chosen can be ob ed 
Some very striking res 
available on metals of « 

(Continued on page - 
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Because of superior service and uniformity of operation 
A CANADIAN MUNITIONS PLANT HAS JUST PLACED THEIR 
ORDER FOR THE TEWART ROTARY HEARTH 


FURNACE OF THIS TY 


SAVED WITH MODERN 


\ MUCH MONEY CAN BE 
4 


SHELLS! TANKS! GUNS! SHIPS! . . make new 
cemands upon Heat Treating equipment. Ordnance 
work demands fast, trouble-free production. STEWART, 
with years of intensive experience, is especially well 
jualified and equipped to an:wer the new problems of 
the Defense Industry's needs. 


STEWART Rotary Hearth Furnaces have long been 


CHICAGO FLEXIBLE SHAFT COMPANY 


Over Half a Century Building Quality Products 


Dept. 108, 5600 W. ROOSEVELT ROAD, CHICAGO, ILLINOIS 


serving the largest Canadian Munition plants. Six units 
are in service in one plant with the seventh building and 
the eighth ordered. Such installations are typical of the 
Industrial Furnaces STEWART is building every day to 
meet the specific requirements of manufacturers every- 
where. Stewart builds, in addition, a full line of 
standard furnaces. 


A letter, wire or phone coll will promptly bring o STEWART engineer to discuss your heat treating problems with you 
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yo. THE BEST INDUSTRIAL FURNACES MADE 


SOFT METAL 


(Starts on page 171) 
tively high melting point. With 
a single crystal of nickel a shear 
strain of 30% produces an 
increase of shear strength of 14 
times; with copper a shear strain 
of 67% produces an increase of 
strength of 68 times; while with 
silver a shear strain of 95% pro- 


duces an increase of strength of 
92 times, all at atmospheric tem- 
perature. 

We have now to consider how 
this hardening under strain 
comes about, and here X-rays 
furnish a valuable indication. By 
their use we determine that the 
unstressed single crystal becomes 
an agglomeration of small units, 
slightly rotated and dislocated in 
orientation during plastic flow. I 
think that there is now definite 
evidence that the strengthening is 


RECENT INSTALLATIONS PROVE 


OF DETROIT AUTOMATIC ELECTRIC ROCKING FURN CES 


In industrial plants from coast to coast. Detroit automatic — 
Rocking Electric Furnaces are successfully melting an 2 
amazing variety of products. For example, take the the prod- — 


ucts of nine recent i 
NA 


ad 


nly: for but also for 


ond 


-KUHLMAN ELECTRIC COMPANY 


+ BAY CITY MICHIGAN 
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largely due to the break-u; 44 the 
crystal, to a loss of its ingle. 
crystal character. Much more 
experiment is, however, -eded 
to clear up the situation. 

This brings us to polycrystal- 
line metal, and this is the meta) 
of every-day use. Why is 
stronger than the single crystg) 
(even though much weaker thay 
the theoretical crystal)? On the 
whole it looks as if smal! grain 
size is favorable for strength 
During plastic deformation slip 
takes place in the individua| 
crystallites, whose axes are dif. 
ferently oriented. In some w; ay 
the boundaries between the Crys- 
tallites must confer strength, but 
they cannot do it because they 
are inherently strong — the num- 
ber of atoms involved is to 
small. Expressed in another way, 
the crystal boundaries cannot be 
regarded as playing the part of 
the expanded metal in reinforced 
concrete. They are too thin 
whatever reasonable strength 
may be attributed to them. 

Supposing that, to account 
for their weakness (low yield 
point) as compared with ideal 
crystals, we accept the hypothe 
sis that the crystallites contain 
submicroscopic flaws where the 
stress concentration is abnor- 
mally high. If a dislocation runs 
from such a crack it will travel 
as far as a crystal boundary and 
will then find, for a region a few 
atoms thick, at any rate, a place 
where the regularity necessary 
for it to propagate itself is lack- 
ing; it loses itself, but nol 
because the boundary is hard as 
assumed by some metallurgists 

rather because it is soft! (The 
theoretical weakening effect of 4 
crevasse is based upon a postu 
lated rigid behavior of the solid 
if the solid yields plastically, th 
local stress is dissipated and th 
tearing does not take plac 

There is no doubt that the 
intererystalline boundaries 
a very important part in th 
strength of metals. Howeve! 
the experimental study of th 
properties of these bound :ries 
only just beginning, an muel 


work with different me! 

at different temperature 's ™ 
\ 


quired before we w! 
enough data to found a 
hensive theory. 


npre 


1! 
q 

| 

‘a 4 

| | 
wd 

3 

of 

‘| 

Py 

| 

4 

1° 

SPECIAL CUTTING ALLOYS STAINLESS STEEL 
VALVE ALLOYS HEAT RESISTANT STEELS 

NAVY BRONZE ALLOY GREY IRONS 


